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CONSTITUTION OP THE ASSOCIATION/ 



0BJBCT8* 

The Association shall be called " The American Associa- 
tion for the Advancement of Science." The objects of the 
Association are, by periodical and migratory meetings, to pro«> 
mote intercourse between those who are cultivating science in 
different parts of the United States ; to give a stronger and 
more general impulse, and a more systematic direction, to sci* 
entific research in our country ; and to procure for the labors 
of scientific men increased facilities and a wider usefulness. . 



MBfilBERS. 

RuLB 1, Members of scientific societies or learned bodies 
having in view any of the objects of this Association, and 
publishing transactions, shall be considered members on sub- 
scribing these rules. 

Bulb 2. CJoUegiate professors, also civil engineers and archi- 
tects who have been employed in the construction or superin- 
tendence of public works, may become members on subscrib- 
ing these rules. 



* Adopted AogiiBt 25, 1856, and ordered to go into effect at the opening of the 
Montreal Meeting. 



ZVl G0NSTITT7TI0N OF THE ASSOCIATION. 

RuLB 3. Persons not embraced in the above provisions may 
become members of the Association upon recommendation in 
writing by two members, nomination by the Standing Com- 
mittee, and election by a majority of the members present 

OFFICERS. 

Rule 4. The ofBcers of the Association shall be a President, 
Vice-President, General Secretary, Permanent Secretary, and 
Treasurer. The President, Vice-President, General Secretary, 
and Treasurer, shall be elected at each meeting for the follow- 
ing one ; — the three fii9t-named officers not to be reeligible for 
the next two meetings, and the Treasurer to be reeligible as 
long as the Association may desire. The Permanent Secretary 
shall be elected at each second meeting, and also be reeligible 
as long as the Association may desire. 

liEETmes. 

Rule 5. The Association shall meet, at such intervals as it 
may determine, for one week or longer — the time and place 
of each meeting being determined by a vote of the Associa- 
tion at the previous meeting; and the arrangements for it 
shall be intrusted to the officers and the Local Committee. 

STANDING COMMITTEE. 

Rule 6. There shall be a Standing Committee, to consist of 
the President, Vice-President, Secretaries, and Treasurer of 
the Association, the officers of the preceding year, the perma- 
nent chciirman of the Sectional Committees, after these shall 
have been organized, and six members present firom the Asso- 
ciation at large, who shall have attended any of the previous 
meetings, to be elected upon open nomination by ballot on 
the first assembling of the Association. A majority of the 
whole number of votes cast to elect. The General Secretary 
shall be Secretary of the Standing Committee. 



OONSTITUTZON OF THE ASSOCIATION. ZVU 

The duties of the Standing Committee shall be, — 

1. To assign papers to the respective sections. 

2. To arrange the scientific business of the general meetings, 
to suggest topics and arrange the programmes for the evening 
meetings. 

3. To suggest to the Association the place and time of the 
next meeting. 

4. To examine, and, if necessary, to exclude papers. 

5. To suggest to the Association subjects for scientific re* 
ports and researches. 

6. To appoint the Local Ck>mmittee. 

7. To have the general direction of publications. 

8. To manage any other general business of the Association 
during the session, and during the interval between it and the 
next meeting. 

9. In conjunction with four firom each Section, to be elected 
by the Sections for the purpose, to make nominations of offi- 
cers of the Association for the following meeting. 

10. To nominate persons for admission to membership. 

11. Before adjourning, to decide which papers, discussions, 
or other proceedings shall be published. 

SBCTIONS. 

Rule 7. The Association shall be divided into two Sections, 
and as many sub-Sections as may be necessary for the scien- 
tific business, the manner of division to be determined by the 
Standing Committee of the Association. The two Sections 
may meet as one. 

SBCTIONAL OFFICERS AND COMMITTEES. 

Rule 8. On the first assembling of the Section, the mem- 
bers shall elect upon open nomination a permanent chairman 
and secretary, also three other members, to constitute, with 
these officers, a Sectional Committee. 
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The Section shall appoint, from day to day, a chairman to 
preside over its meetings. 

Bulb 9. It shall be the duty of the Sectional Committee of 
each Section to arrange and direct the proceedings in their 
Section; to ascertain what communications are offered; to 
assign the order in which these communications shall appear, 
and the amount of time which each shall occupy. 

The Sectional Committees may likewise recommend sub- 
jects for systematic investigation by members willing to under- 
take the researches, and to present their results at the next 
meeting. 

The Sectional Committees may likewise recommend reports 
4>n particular topics and departments of science, to be drawn 
up as occasion permits, by competent persons, and presented 
at subsequent meetings. 



BBF0BT8 OF FBOCBEDIKGS. 

Rule 10. Whenever practicable, the proceedings shall be 
reported by professional reporters or stenographers, whose 
reports are to be revised by the secretaries before they appear 
in print 

f 

PAPERS AND COMMUNICATIONS. 

Rule 11. No paper shall be placed in the programme, un- 
less admitted by the Sectional Committee ; nor shall any be 
read, unless an abstract of it has been previously presented 
to the Secretary of the Section, who shall furnish to the chair- 
man the titles of papers, of which abstracts have been re- 
ceived* 

Rule 12» The author of any paper or communication shall 
be at liberty to retain his right of property therein, provided 
he declares such to be his wish before presenting it to the 
Association. 



OOHBTITDTIOK Or THE ASSOCIATIOlf. XXX 

Rule 13. Copies of all communications, made either to the 
General Association or to the Sections, must be furnished by 
tile authors ; otherwise only the titles or abstracts shall appear 
in the published proceedings. 

RuLB 14. All papers, either at the general or in the sec* 
tional meetings, shall be read, as far as practicable, in the 
order in which they are entered upon the books of the Asso- 
ciati(Mi ; except that those which may be entered by a member 
of the Standing Ck>mmittee of the Association shall be liable 
to postponement by the proper Sectional Committee. 

Rule 15. If any communication be not ready at the as- 
signed time, it shall be dropped to the bottom of the list, and 
shall not be entitled to take precedence of any subsequent 
eommnnication. 

Rule 16. No exchanges shall be made between members 
without authority of the respective Sectional Committees. 



GENERAL AND EVENING MEETINGS. 

Rule 17. The Standing Committee shall appoint any gen« 
eral meeting which the objects and interests of the Associa- 
tion may call for, and the evenings shall, as a rule, be reserved 
for general meetings of the Association* 

These general meetings may, when convened for that pur- 
pose, give their attention to any topics of science which would 
otherwise come before the Sections. 

It shall be a part of the business of these general meetings 
to receive the Address of the President of the last meeting ; 
to hear such reports on scientific subjects as, from their gen- 
eral importance and interests, the Standing Committee shall 
select; also to receive from the chairman of the Sections 
abstracts of the proceedings of their respective Sections ; and 
to listen to communications and lectures explanatory of new 
and important discoveries and researches in science, and new 
inventions and processes in the arts. 



ZX CONSTITUTION OF THE ASSOCIATION. 

ORDER OF PROCEEDINGS IN ORGANIZING A MEETING. 

Rule 18. The Association shall be called to order by the 
President of the preceding meeting, and this oflSicer having 
resigned the chair to the President elect, the General Secretary 
shall then report the number of papers relating to each depart- 
ment which have been registered, and the Association consider 
the most eligible distribution into Sections, when it shall pro- 
ceed to the election of the additional members of the Stand- 
ing Committee in the manner before described ; the meeting 
shall then adjourn, and the Standing Committee, having 
divided the Association into Sections as directed, shall allot to 
each its place of meeting for the Session. The Sections shall 
then organize by electing their officers and their representatives 
in the Nominating Committee, and shall proceed to business. 

' permanent secretary. 

Rule 19. It shall be the duty of the Permanent Secretary 
to notify members who are in arrears, to provide the necessary 
stationery and suitable books for the list of members and tiUes 
of papers, minutes of the general and sectional meetings, and 
for other purposes indicated in the rules, and to execute such 
other duties as may be directed by the Standing Committee 
or by the Association. 

The Permanent Secretary shall make a report annually to 
the Standing Committee, at its first meeting, to be laid before 
the Association, of the business of which he has had charge 
since its last meeting. 

All members are particularly desired to forward to the 
Permanent Secretary, so as to be received before the day 
appointed for the Association to convene, complete titles of 
all the papers which they expect to present during its meeting, 
with an estimate of the time required for reading each, and 
such abstracts of their contents as may give a general idea of 
their nature. 
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Whenever the Permanent Secretary notices any error of 
fact or unnecessary repetition, or any other important defect 
in the papers communicated for publication in the proceedings 
of the Association, he is authorized to commit the same to 
the author, or to the proper sub-committee of the Standing 
Committee for correction. 



RuLlB 20. The Local Committee shall be appointed from 
among members residing at or near the place of meeting for 
the ensuing year ; and it shall be the duty of the Local Com- 
mittee, assisted by the ofBcers, to make arrangements and the 
necessary announcements for the meeting. 

The Secretary of the Local Committee shall issue a circular 
in regard to the time and place of meetings, and other par- 
ticulars, at least one month before each meeting. 



SUBSGBIFTIONS. 

Rule 21. The amount of the subscription, at each meeting, 
of each mejuber of the Association shall be two dollars, and 
one dollar in addition shall entitle him to a copy of the pro- 
ceedings of the annual meeting. These subscriptions shall 
be received by the Permanent Secretary, who shall pay them 
over, after the meeting, to the Treasurer. 

No person shall be considered a member of the Association 
until the subscription for the meeting at which he is elected 
has been paid. 

Rule 22. The names of all persons two years in arrears 
for annual dues shall be erased from the list of members; 
provided that two notices of indebtedness, at an interval of at 
least three months, shall have been previously given. 
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ACCOUNTS. 

Rule 23. The accounts of the Association shall be audited 
annually, by auditors appointed at each meeting. 

ALTERATIONS OF THE CONSTITUTION. 

Rule 24. No article of this constitution shall be altered, 
or amended, or set aside, without the concurrence of three 
fourths of the members present, and unless notice of the 
proposed change shall have been given at the preceding 
annual meeting. 



RESOLUTIONS 



PERMANENT AND PROSPECTIVE CHARACTER, 



ADOFTBD AU0178T 19, 1867. 



1. No appointment may be made in behalf of the Association, and 
no invitation given or accepted, except bj vote of the Association or its 
Standing Committee* 

2. The General Secretary shall transmit to the Permanent Secre* 
tarj for the files, within two weeks after the adjournment of every 
meeting, a record of the proceedings of the Association and the votes 
of the Standing Committee. He shall also daily, during the meetingSy 
provide the chairman of the two sectional committees with lists of the 
papers assigned to their Sections by the Standing Committee. 

8. All printing for the Association shall be superintended by the 
Permanent Secretary^ who is authorized to employ a clerk for that 
especial purpose. 

4. The Permanent Secretary is authonzed to put the proceedings 
of the meetings to press one month after the adjournment of the Asso- 
ciation. Papers which have not been received at that time may be 
published only by title. No notice of articles not approved shall be 
taken in the published proceedings. 
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THE GULF STREAM. 

BT 

FROF. A. D. BACHE, 

8T7FEBIKTENDENT U. 8. COAST 8VBVBT. 



Bt request of the Association, at their last meeting, at 
Springfield, I now present a summary of the results of the 
Gulf Stream explorations made by the officers of the Coast 
Survey. 

The Gulf Stream is the great hydrographic feature of the 
United States coast, and no survey of the coast could be 
complete for purposes of navigation, without it. Hence the 
explorations have been early undertaken and thoroughly car- 
ried on. But as it required peculiar means and special adap- 
tation in the officers to 'this line of research, and did not 
require a continuous survey, the work has been executed from 
time to time, as means and officers could be had without 
interference with the more regular operations of the hydro- 
graphy. 

An act of Congress which refers to this Survey, requires 
the immediate presentation of its results to Congress, and they 
have therefore been discussed as soon as procured and have 
been given to the public. 
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This is the great sea mark of the coast of the United 
States, both Golf and Atlantic, and its qualities as hinderances 
and aids to navigation require that the navigator should be 
well informed in regard to it. 

In order to present an intelligible summary of the results 
obtained by the Coast Survey in the short time allowed for 
a lecture, it is necessary to condense the subject very consid- 
erably, to omit matters at all extraneous to the subjects in 
hand, and to confine myself to a brief and direct statement 
of the means employed in examining the stream from its surface 
to its depths^ the method of studying the results^ and of the 
results themselves. 

The temperatures in and near the Gulf Stream, are among 
its most striking peculiarities, and therefore have formed one 
principal object of observation. It will be necessary in order 
to bring the subject within limits, to confine myself chiefly, at 
this time, to the consideration of this class of facts and to the 
results and laws connected with them. 

I shall proceed therefore to consider the subject under the 
following heads : 

1. The instruments for determining depths and temper- 
atures and for obtaining specimens of the bottom. 

2. The plan of research. 

3. The method of discussion of the results. 

4. The results, consisting of type-curves of the law of 
change of temperature with depth, at several characteristic 
positions. Type-curves showing the distribution of temper- 
atures across the stream, represented by two sets of curves, 
one in which the variable temperatures at the same depth is 
shown, and the other in which the variable depth of the same 
temperature is represented. Upon the diagrams showing these 
latter curves, the figure of the bottom of the sea is given, 
where it has been obtained. 

Discussion in regard to the cold wall, which is one of the 
most interesting features of the approach to the Gulf Stream. 

5. The limit of accuracy of the results. 
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6. The figure of the bottom of the ocean below the Gulf 
Stream. 

7. The general features of the Gulf Stream as to temper- 
ature. 

These points are illustrated by diagrams, enabling the eye 
to follow the results as they are stated. 



L INSTRUMENTS. 

1. For Temperatures. — The instrument for determining 
temperatures should fulfil the two conditions of registering 
its indications and of being unaffected by pressure. The 
conmion mercurial thermometer, while it answers perfectly for 
the determination of temperatures at the surface, fails in both 
the conditions stated. The ordinary self-registering thermom-^ 
eter, or self-registering metallic thermometer, in the watch 
form, as made by Breguet, Montandon, and Jiirgensen, when 
provided with a suitable cover to protect it from pressure, 
answers a good purpose, and has been extensively applied in 
the course of the observations. As a rule it is only the mini- 
mum temperature thermometers that must be used, as the 
temperatures decrease generally in descending. An ordinary 
self-registering minimum thermometer placed in a glass globe, 
was successfully used by Commander Charles H. Davis, and 
by Lieut. G. M. Bache. It has the disadvantage of taking 
the temperature slowly, and of being inapplicable below a 
certain depth. Small hollow cylindrical brass vessels which 
were divided in two parts closely fitted by grinding, and 
within which the Breguet thermometers of the watch form 
were placed, were an improvement upon the glass globe, as 
taking the temperature of the sea more rapidly, but besides 
the difficulty of making the joint tight, they were crushed by 
the pressure, at even moderate depths. The substitution of 
a globe, for the cylinder, extended the range of these instru- 
ments, but the thermometers were often crushed or injured by 
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the access of sea-water to the interior of the globe. Six^s 
self-registering thermometers, as bearing considerable pressure 
without injury and without rendering the indications errone- 
ous, and as requiring no case to enclose them, except to pre- 
vent breaking from accidental knocks in handling, are very 
useful. They are still favorites with many of the officers, 
though others complain of their great liability to derangement, 
especially if the mercury is not perfectly clean, when the 
mercurial column easily separates and some skill is required 
to bring it together. These instruments are from their cheap- 
ness still furnished to the parties and are used successfully at 
depths reaching about one hundred fathoms, and on occasions, 
considerably lower. Keeping them in order requires the skill 
of an experimenter, rather than that of an observer, and hence 
they do not satisfactorily fulfil the conditions of the problem. 
The metallic thermometer of Joseph Saxton, Esq., of the 
U. S. Office of Weights and Measures, is a compound coil 
resembling somewhat the well-known instrument of Breguet. 
In its construction, two stout ribbons, of silver and platinum 
— carefully united by silver solder to an intermediate thin 
plate of gold — are coiled with the more expansible metal in 
the interior. The gold serves to prevent the tendency of the 
silver and platinum to separate. The lower end of this coil 
is fastened to a brass stem passing through the axis of the 
coil, while its upper end is firmly attached to the base of a 
short cylinder. The whole motion of the coil as it winds and 
unwinds with variations of temperature, thus acts to rotate 
the axial stem. This motion is magnified by multiplying 
wheels contained in the short cylinder at top, and is registered 
upon the dial of the instrument by an index, which pushes 
before it a registering hand, moving with sufficient friction 
merely to retain its place when thrust forward by the index 
hand of the thermometer. These instruments are graduated 
by trial. The brass and silver portions receive a thick coating 
of gold by the electrotype process, to prevent the action of the 
sea-water upon them. 
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2. For Depths. — Where the depth becomes cdbsiderable 
the usual sounding Une fails entirely to give it^ especially if 
there is a current, and more especially if there is besides a 
counter-current. The amount of " stray line " is very variable* 
This subject has been ably examined of late years by Com- 
manders Maury and S. P. Lee, Lieuts, Berryman, Brooke, 
and others of our navy, and by Commander Dayman and 
others of the British navy, and especially by Prof. Trowbridge 
of the Coast Survey in his memoir read before the Associ- 
ation (" Deep Sea Soundings," by W. P. Trowbridge, AjBsist^ 
ant U. S. Coast Survey), at the meeting in Baltimore, and 
republished in the American Journal of Science and Arts, 
vol. xxviii. for the year 1858. 

The use of Ogden's or Ericcson's leads to one hundred 
fathoms is still continued by some of the officers of the sur- 
vey, though, at such depths, nothing better than the common 
sounding line is in fact required. Massey's lead with Wolt- 
man's wheel, as an indicator, has been extensively used of 
late years. Mr. Saxton's indicator is more simple than 
Massey's, but acts upon the same principle. To remedy the 
defect of the turning of the cord of the lead line, two indi- 
cators are applied, one on each side of the axis. Prof. Trow- 
bridge's lead modified somewhat from that described at the 
last meeting of the Association in Baltimore, has recently 
been tried with good success by Ldeut Comdg. Wilkinson in 
the last soundings across the straits of Florida for the tele- 
graph to Havana. The most reliable observations heretofore 
made in the Coast Survey have been with Massey's indicator, 
the errors are not such as to affect the development of the 
laws of change at the moderate depth reached in most of the 
observations, and at great depths the changes are very slow. 
The new apparatus has the advantage of saving a great deal 
of time, and therefore inaccuracies from change of position 
during the sounding are avoided. 

3. For obtaining specimens from the bottom. — The only 
satisfactory test of having reached the bottom of the sea at 
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considerable depths being the bringing up of a* specimen, this 
has been a subject of constant study with us. The different 
instruments invented by Lieut. Stellwagen, Commander Sands. 
Lieut. Craven, Ldeut. Berryman, Lieut. Brooke, and other 
officers of our navy, are all in use for different kinds of bottom, 
and according to the preference given by different hydrographic 
chiefs. The one most commonly used in these explorations 
has been Lieut. Stellwagen's invention ; a cup placed below 
the sounding lead, covered by a disk or valve of leather which 
slides up the stem of the cup and opens when the lead is 
descending, closing when it is raised. The weight of the lead 
and the turning of the cord generally suffice to sink the cup 
into the bottom, filling it, and when the valve is made to close 
tightly by a piece of flexible leather below the stiff disk, the 
specimen is not washed out as the lead is drawn up. In 
Conunander Sands's sounding apparatus a spring keeps an 
outer cylinder over an opening in an inner hollow one, until 
it reaches the bottom, wh^i the outer cylinder is forced 
upwards, and the opening at the side of the inner one, which, 
having a conical termination, penetrates the bottom, and per- 
mits a specimen of the bottom to pass in. On raising the lead 
the spring forces the outer cylinder over the opening, pre- 
venting the specimen from being washed out The only 
very deep soundings being, as a general rule, in soft bottom. 
Sands' specimen-cylinder is admirably adapted to that class 
of work. 



n. PLAN 07 THE WORK. 

The plan of the work was simple. The temperatures were 
to be ascertained at various depths, at different distances from 
the coast, on sections as nearly at right angles with the stream 
as practicable, the sections starting from some point well 
known in position. ^ The temperatures were to be taken at 
distances diminishing as the changes of temperature were 
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more rapid. So in regard to the depths, the observations 
were to be multiplied in the strata of rapidly varying temper- 
atures near the surface. So in regard to position, when the 
cold water near the coast was rapidly exchanging for the 
warm water of the Gulf Stream, the positions diminishing in 
distance as the source of the warm water was approached. 

The vessel's position was determined with reference to 
some prominent point, Sandy Hook or Cape May, for exam- 
ple, the course run was perpendicular to the supposed axis of 
the stream, S. E., several positions were taken up in succession 
and at each the temperatures ascertcdned at the surface, at 5, 
10, 15, 20, 30, 50, 100, 200, 300, 400, 600 fathoms, or depths 
found to apply more satisfactorily under the general rule, to 
the position and section. Having crossed the stream, any 
position found to be desirable could be assumed on returning, 
and the extreme position reached was verified by the return to 
the coast. 

The summer season was selected for the standard obser- 
vations, for various reasons, but chiefly for two, namely, that 
the weather permitted more accurate work, and the phe- 
nomena were more likely to be those of equilibrium, when 
the surface water was more slowly changing its temperature. 
Our little vessels could not, without considerable danger, be 
exposed to the roughness of the wind and water in the Gulf 
Stream in winter, and when we attempted comparative winter 
observations, disappointment was often the result. The loss 
of one valuable officer and ten of his crew, and the extreme 
peril of another in autumnal explorations of the stream, has 
but too fully justified these precautions. The propriety of 
selecting the summer for making the observations was com- 
pletely proved by the success in determining the laws of 
temperature. 

These observations were but incidental to the hydrography 
of the coast, and hence were prosecuted only when means 
could be spared from other more pressing and regular parts of 
the work. It was only a favorable conjuncture with regard to 
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officers, means, weather, adaptation of vessel, and the like, 
which gave results even when attempted. Too much credit 
cannot be assigned to those who have succeeded in this labo- 
rious and perilous work, and their names have been kept in 
close connection with their results, whenever and wherever 
brought before the public, and they have been carefully pre- 
served in the archives of the survey. Charles H. Davis, 
George M. Bache, S. P. Lee, Richard Bache, John N. Maffitt, 
T. A, Craven, Otway H. Berryman, B. F. Sands, and John 
Wilkinson make up the list of our successful observers in this 
field within the last sixteen years. Their names you will see 
attached to the sections run by them, on the general chart of 
the Gulf Stream presented to you this evening. 

The first was run in 1844, from Nantucket south and east- 
ward, by Commander C. H. Davis, now the accomplished 
Superintendent of the Nautical Almanac, and the last in 
1860 by Lieut. John Wilkinson, firom the Tortugas, southeast 
to the coast of Cuba. The work stiU goes on perseveringly. 

The number of sections run has been fourteen, the number 
of positions on these sections occupied 300, and the number 
of observations made for temperature 3,600. The limits 
below which the stream and the adjacent waters have been 
explored for temperatures are firom latitude 23^ N., to 41® N., 
and from longitude 83® W. to 66 J® W. firom near Havana to 
near Cape Cod, and from the Tortugas to 9i® E. of Cape 
Henlopen. The distance along the axis of the Gulf Stream 
to the most north-eastern point in the North Atlantic, meas- 
ures nearly 1,400 nautical miles. 

m. METHOD OF DISCUSSION OF THE BESULTS. 

These have generally been discussed by diagrams, some- 
times by analytical formulae ; the former method is generally 
best adapted to the character and degree of accuracy and 
circumstances of the observation ; the diagrams finally adopted 
after trials were chiefly of three difierent kinds, one for the 
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discussion of the change of temperature with depths, the two 
others for the change of temperature with position as well as 
depth. Of the first of these diagrams Nos. 1 and 2, Plate L, 
are specimens. The depths constitute the ordinates and the 
temperatures the abscissse of a curve, showing the law of 
change of temperature with the depth. Upon the horizontal 
lines at the top of the paper the temperatures from ten 
degrees to ten degrees Fahr. are written, and on the vertical 
line at the side the depths. The separate observations being 
represented by dots, the curve is drawn with a free hand 
among them. 

The next two classes of diagrams give the distribution of 
temperatures across the sections. In the first the temper- 
ature corresponding to the same depth; in the second the 
depths corresponding to the same temperatures. In this 
latter the figure of the bottom is shown when ascertained. In 
both classes the distances from the cape, or headland, city, or 
inlet, which is the origin of the section is marked, and the 
several positions occupied for observing, so that the abscissae 
of the curve are the distances from the point of beginning. 
In the first (see diagram No. 4, Plate I.) the temperatures are 
marked on the vertical lines at the left side of the diagrams, 
the ordinates of the curves thus corresponding to temperatures. 
In the second (see diagram No. 9, Plate L) the depths are 
similarly written, the ordinates thus corresponding to depths. 
The notes or legend, show in the first case to what deptiis the 
curves correspond, and in the second to what temperatures. 
The observations at each position being plotted according to 
its temperature or depth in the two classes of diagrams, the 
curve is drawn with a free hand among the points. 

It should be observed that the discussion of each season's 
observations was in general made separately, and that the 
result of one, two, or three seasons, grouped, were announced 
separately, leaving to the new observations to confirm, or 
refute, the conclusions drawn. It is a remarkable fact that 
with such difficulties in the way, in the character of the phe- 
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nomena to be observed, in the diyersity of seasons and of 
observers, the phenomena have always been readily deducible 
from the observations, and that the separate discussions have 
been confirmations, the following of the preceding ; in short 
that the nature of the medium in which the work has been 
performed in its relations to heat, has more than compensated 
for other difficulties, and that the results are more accordant 
tiian the elaborate ones obtained firom the progress of temper- 
ature below the surface of the ground by the experienced and 
skilful observers who have made them. Few observations 
have been rejected in the whole series. 

I need not notice special diagrams, which will be explained 
when your attention is called to them.^ 

When the character of the diagrams to be made had been 
definitely fixed, they were prepared under the direction of the 
chiefs of the parties, so that I was relieved of the personal 
labor of representing the results. In the subsequent general 
discussion I was g«5atly assisted by Prof. Pendleton, U. S. N., 
and by Prof. W. P. Trowbridge, Assistant U. S. Coast Sur- 
vey, who has made a general review of the whole of the 
results, preparatory to their publication in a volume of the 
Records and Results of the Coast Survey. 

IV. KBSULTS. 

1. Tkfffe-curves of law of temperature with depths at the 
most characteristic positions. — The two most characteristic 
positions are in the cold current between the land and the 
Gulf Stream and in the axis of the stream itself. 

1. Diagram No. 1, Plate L, is a specimen of the type-curve 
in the cold current. The long tongue from the surface to 
about fifty fathoms in depth is the overflow of the warm water 
of the Gulf Stream, the temperature varjjjng from 81° to 
about 55**. The temperatures in the mass of water from fifty 
fathoms down to five hundred fathoms are just such as would 
take place in a mass of water heated by conduction firom the 
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surface^ the law is that of a logarithmic curve, in which the 
conducting power of sea water is the modulus of the system. 

A comparison of many of these curves with the logarithmic 
form showed that it was applicable to them within the limits 
of the probable error of the observations. Taking the warm 
stratum from the Gulf of Mexico above and the cold polar 
stratum below, the mass of the water between is heated by 
conduction. The bottom of the sea has not been reached 
under the axis of the Gulf Stream, north of Cape Lookout on 
the North Carolina coast. 

This form of curve was deduced in 1844 from the obser- 
vations of Commander Charles. H. Davis and was the first 
discovery made in c(Anection with the then recently com- 
menced systematic exploration of the Gulf Stream by the 
Coast Survey. 

2. Nos. 2, 3, and 3 bis, Plate I., are specimens of the type- 
curve in the Gulf Stream, taken from the sections off Cape 
Henry, Cape Hatteras, and Charleston, being characterized 
by the comparatively short beak or projection, and the per- 
sistence of the higher temperature to great depths, as 55° to 
425, 450, 550 fathoms, giving the peculiar shape to this curve 
between fifty and five hundred fathoms. 

II. TTPE-OUKVES OF DISTBIBUTION OF TEMPEBATURB A0BO8S THE 

STRISAM. 

(a) Owrves of temperature at the same depths. — The sec- 
tions made are the following, beginning the enumeration at 
the Gulf of Mexico: 1. Tortugas to Havana. 2. Som- 
brero Key to Salt Key. 3. Carysfort, L. H., to Cuba. 4. 
Cape Florida to BeminL 5. Off Cape Canaveral. 6. Off 
St. Augustine. 7. Off St. Simon's, Georgia. 8. Off Charles- 
ton. 9. Off Cape Fear. 10. Off Cape Hatteras. 11. Off 
Cape Henry. 12. Off Cape May. 13. Off Sandy Hook. 
14. Off Cape Cod, being on the average one to each hundred 
miles along the axis of the stream. These are marked on 
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the general chart, Plate IIL, the names of the explorers being 
stated in the column which gives the point of origin of each 
section. 

The Sandy Hook curves, Nos. 4 and 5, Plate L, are among 
the best of the type-curves of temperature at the same depth, 
though among the earliest determined. The overflow of the 
Gulf Stream into the long space occupied by the cold current 
between it and the shore, mixing in a degree with the cold 
water, is well shown by the curves a b and c at the surface, 
5 and 10 fathoms, and the still greater admixture with the 
cold water at 20, 30, and 50 fathoms (d, c,/). The whole 
space from the shore to 240 miles is Qccupied, however, with 
comparatively cold water. Then is met the sudden rise to 
the Ghilf Stream shown especially below 60 fathoms, and 
termed so appropriately by Lieut George M. Bache the ^^ cold 
wall,'* that navigators have not hesitated to receive the term 
into use ; next the hot water of the Gulf Stream, rising to a 
maximum of 82^, then falling to a minimum of 80^, rising to 
a second maximum of 81^^, falling to a second minimum of 
78^, and rising from this toward a third maximum. With 
these results the curves at 5 and 10 fathoms, and those at 20, 
30, 50, 70, 100, and 150 fathoms agree, and, with characteristic 
difierences, those of 200, 300, 400, and 500 fathoms. 

The cold wall at 20 fathoms shows a rise of 19^ in 25 
miles, three quarters of a degree to a mile, and at 200 fathoms 
of 16**, in the same distance ; at the surface it is nearly 8® in 
50 miles. The cold water between the Gulf Stream and the 
shore has two well-marked maxima and two minima in it, of 
which one seems to correspond in position to the sudden 
deepening of the water 100 miles from Sandy Hook, as shown 
by the Coast Survey off-shore chart between Gay Head and 
Cape Henlopen. 

These results are more distinctly seen by grouping the 
curves into natural groups and taking the mean of their indi- 
cations. Diagram No. 5, Plate L, gives the group of six 
curves from the surface to 30 fathoms, of four curves from 40 
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to 100 fathoms, both inclusive of 200, 300, and the single 
curve at 400. 

Similar groups are shown on Diagram No. 6, Plate L, from 
Cape Henry, the cold wall, three maxima of temperature and 
three minima being very distinctly seen. The results of three 
different explorations of this section, by three different officers, 
in three different years, are shown upon the same diagram. 
The coincidence of result could hardly be better. The 
average of the whole of the observations is shown in No. 6 
bis, Plate L 

The cold wall here gives a change of 22i® in 50 miles from 
the curves between and 30 fathoms, and 18® in 50 miles in 
the mean of 200, 300, and 400 fathoms. 

The average of the three years comes out beautifully on 
Diagram No. 6 bis, Plate I. The Charleston curves are shown 
upon No. 7, Plate I. They are less regular than those just 
given, for reasons which will appear when I come to speak of 
the second class of diagrams. 

The conclusions deduced from the examination of all the 
sections between Cape Florida and Sandy Hook is, that the 
Gulf Stream is divided into alternate bands of hot, or warm, 
and cool or cold water, the most distinct of which is that con- 
taining the axis of the Gulf Stream. 

That between the stream and the coast there is a fall of 
temperature so sudden that it has been aptly caUed the cold 
wall, less distinct at the surface and where the overflow fix)m 
the Gulf Stream passes furthest toward the shore, but still 
distinctly marked even at the surface. 

Navigators have noticed these changes of temperature and 
have supposed themselves at each occurrence of warmer water 
to be in the hottest water of the stream, and so have been 
greatly embarrassed and have deemed the phenomena and 
limits of the Gulf Stream to be very irregular. 

The cold water between the Gulf Stream and the shore has 
also bands less regular than those beyond the axis of warmer 
and cooler water. 
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The intrusive cool water in the Gulf Stream on the Sandy 
Hook section was distinctly recognized in 1846 by Lieut. 
Geo. M. Bache, who, from the facts observed, supposed it to 
represent a division of the warm water of the stream into 
two branches. 

Passing through the Straits of Florida between the keys 
and reefs and the coast of Cuba we have, after going beyond 
Cape Florida, a different type-curve. The cold wall is less 
distinctly marked, and the rise of temperature is less marked. 
It rises however to an axis near the coast of Cuba. Through- 
out the length of the strait there is but one maximum of 
temperature, and the bands belonging to the Atlantic regimen 
do not occur in the straits. (See diagrams Nos. 3, 4, 5, 6, 
Plate IL) The cause of this change of regimen will be seen 
in presenting the other form of diagram. 

(b) (Jurves of depths at the same temperature. — I have 
selected curves from the southern portions of the work, partly 
because the bottom has been struck in the sections, and the 
diagrams show its sections as weU as those of the stream, and 
partly to show how fully the deductions in regard to the 
divisions of the stream apply to these, as well as the more 
northern sections. The Charleston section of Lieut. Maffitt 
is given on diagram No. 9, Plate I. The surface curve, not- 
withstanding the disturbance by a storm, shows the cold wall 
(see also No. 7), the axis, and two other maxima, the corre- 
sponding minima, a maximum within the cold current which 
is not therefore, as has been supposed, cut off at Hatteras, the 
curve of 72** reaching to the coast, and 77® nearly reaching it. 
The Cape Florida diagrams (Nos. 3 and 7, Plate IL) give two 
maxima with indications of a third, and the corresponding 
minima. The cold wall cannot be recognized upon it, prob- 
ably for the want of one or two more positions. 

The form of the bottom delineated on these two sections, 
namely the Charleston and Cape Florida sections, is remark- 
able, and applies to the sections between them as far as ex- 
plored. First is a gentle slope, then a sudden descent, a second 
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steep pitch to a considerable depth, a range of hills, a valley, 
and a second range. 

The correspondence of these features with the bands of 
temperature is plainly marked. The cold water lies in the 
valleys, and passing along the bottom rises upon the tops of the 
hills. The discovery of this range of hills was made at nearly 
the same time by Lieut. Maffitt on the Charleston section, 
and by Lieut. Craven on the St. Simon's section. Diagram 
No. 9, Plate I., shows this connection in a very striking manner, 
as does also No. 7, Plate IL, and the figure of the bottom of 
the Straits of Florida, shows why there are no bands formed 
prior to passing Cape Florida, in other words, why the regimen 
of the stream is different in the straits and in the Atlantic. 
In the straits we see (No. 9, Plate IL) that, after leaving the 
United States shore and the comparatively flat surface extend- 
ing to the reefs, there is a rapid descent toward the Cuban 
side of the strait, the axis of the Gulf Stream being found in 
the deep hollow of that side of the strait. 

These results, with a more elaborate discussion of them, 
were presented at the last meeting of the Association. It 
would seem, from the configuration of the bottom, that the 
cold stream at the bottom of the Straits of Florida divides, 
one portion passing to the north and west into the Gulf of 
Mexico, and the other around the western end of the Island 
of Cuba. That the polar stream still occupies the bottom of 
the strsdt is shown by temperature of 35^ Fahr. being reached 
at 600 fathoms firom the surface off Havana. 

Do these bands correspond throughout their length to the 
form of the bottom of the sea ? This is not yet made out, 
many as have been the attempts to reach the considerable 
depths off the more northern sections. Three officers have 
attempted to sound out the Cape Cod section, but the cold 
wall is all that has been reached thus far. The range of hills 
nearest to the coast, has been traced from the coast of Georgia, 
by Commander Sands, to off Cape Lookout. 
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III. THE COLD WALL. 

The cold wall extends, with varying dimensions and changes 
of its peculiar features, all along the coast where the stream 
has been examined. A diagram showing the features of the 
cold wall on the various Atlantic sections and those of the 
Straits of Florida is given in No. 10, Plate I. Table No. 1 
shows the distance of the cold wall from the coast, and the 
dimensions of the Atlantic bands of the Gulf Stream. 

The table shows that at Cape Florida and Cape Hatteras 
the cold wall is nearest to the coast. The distance of the axis 
of the stream from the coast will be found by adding half the 
numbers in the second column to those in the first column. 
It is obvious from these numbers, when taken in connection 
with the longitudes of the points where the sections originate, 
that the earth's motion is not the sole determining cause of 
the direction of the axis of the stream, a result which a more 
elaborate investigation of the movements from parallel to 
parallel confirms. In the portions of its course between Cape 
Florida and Mosquito Inlet (3i® of latitude) the curve is actu- 
ally slightly to the westward. 

Tablb 1.— Distangb of the Cold Wall vbom tbb Shore, and Widths 
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NoTB. — The widths of the bands bejond the 2d maximum, and north of Cape 
Hatteras, are somewhat indefinite. 

The table shows a width in the Gulf Stream proper along 
the Atlantic coast of from 25 miles off Cape Florida to 127 
miles off Sandy Hook. The warm water at say fifteen fath- 
oms, is from 30 to 150 miles in width. The stream widens 
each way from Cape Florida. These several divisions of the 
Atlantic stream lose a portion of their distinctness as we pass 
northward and eastward, the stream widening. 



V. LIMIT 07 ACCURACY OF THE DBTERMmATIONS. 

There are two modes by which the limits of accuracy of 
these results may be tested, by one of which their permanency 
is also tried. In this latter mode the sections are run over in 
different years, or in the same year by different officers, so as 
to connect the observations of one year with those of the 
next, or of one officer with that of another. Table No. 2 
shows that the relative results are reproduced from year to 
year with less variability than those of the mean temperature 
of the section ; and hence the permanency of the bands and 
the possibility of observing them with the requisite precision 
must be admitted. On the Cape Henry section, which was 
explored three times, the positions of the cold wall and of the 
axis of the stream were reproduced within 5i miles, and those 
of the succeeding points of maximum and minimum temper- 
atures within 7i miles. As the positions at sea are liable to 
an uncertainty of some three to five miles, it must be admitted 
that the permanency of the bands and the accuracy of the 
observations of them are fully proved. 

The Cape Henry section was run over by Ldeuts. Q. M. 
Bache, S. P. Lee, and Richard Bache, the Hatteras section by 
Lieuts. Richard Bache and J. N. Maffitt, and the Charleston 
section by Lieuts. J. N. Maffitt and T. A. Craven. 
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Table II. — Table showiko the Fkobable Uncsbtaiktt in the Db- 
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82 


129 


159 


212 


266 


338 


Probable error for each year, 




6.4 


4.3 


2.4 


1.5 


15 


16 


Means for both sections. 


5.85 


5.3 


3.4 


5.0 


6.4 


1.04 


1.16 



Average uncertainty of maxima and minima, 
" " cold waU and axis, , 

" « « all the other points. 



6.9 miles. 
5.5 " 
7.4 " 



Ixviii LECTURE ON THE GULF STREAM. 

The other mode of testing the results is by the compafison 
of the remarkable points in the different sections, each one 
belonging to a different position and therefore being entirely 
independent of the other in its determination. It is established 
as a general law, that the cold wall and axis of the hottest 
water change their position from the surface to the depth of 
six hundred fathoms slowly and by an ascertained progression, 
and that the succeeding maximum and minimum points are 
at the same distance from the shore, nearly, at different depths, 
or in a vertical line at all the different depths. The positions 
of these points as shown by the observations at different 
depths, become thus the test of the permanency of their posi- 
tions, and of the accuracy with which they have been ascer- 
tained. Table 3 gives the probable error of the mean of the 
determinations of each point, including the cold wall minimum, 
the axis maximum, and the successive minima and maxima 
to the fourth minimum inclusive. These results show that 
the cold wall minimum is ascertained, on the average, within 
0.83 mile, the axis maximum within two miles and a half, the 
second minimum within two miles and a half, the second 
maximum and third minimum and third maximum within 
four miles, and the fourth maximum within eight and a half 
miles, all being satisfactory except the last, which of course is 
in reality loosely defined. The Hatteras result for the axis of 
the stream makes the probable error considerably larger than 
it would otherwise be, probably from the fact that the prox- 
imity of the bottom of the sea makes the result less permanent 
than in the other cases. Without this result, the mean prob- 
able error would be 1.1 mile. 
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Tablb III.^BscAPiTUiJLTioir, BHOwiNa THB Yalue of thb Probable 
Ebeob or Betxbmivatzon oi' thb Bakds roB bach Section and the 
Atbbaoe ov the Whole. 

























Istmin. 


Lit max. 


2d min. 


2d max. 


Sdmin. 


Sdnuuc 


4thinlii. 


Sandy Hook, 




.75 




3.94 


7.99 






Cape May, 


.82 


1.25 


2.54 


1.57 




4.08 


4.87 


Cape Henry, 8 yean. 


.84 


.61 


.55 


1.70 


1.06 


.94 


3.42 


Cape Hatteras, 2 yean, 




6.77 


6.86 


9.81 


5 69 


6.28 




Cape Fear, 




1.25 






2.98 


8.49 


13.37 


Charleston, 


1.25 


1.57 


.72 


2.09 


2.40 


.82 




St. Simoofl, 




.74 


1.27 


.41 








St Angofltine, 
Cape CaBateral, 


.52 


.51 


.44 


.44 


.55 






.95 


1.69 


.39 










Mean probable enof, 


.88 


8.49 


2.49 


4.00 


4.01 


3.71 


8.45 



While these redtdts are so permanent, the mean temper- 
atures of the sections change considerably from year to year. 
The average temperature between the surface and 400 
fathoms beyond, or outside of the cold wall on the Sandy 
Hook section, in 1846, was as high as that on the Cape Henry 
section in 1848, and that on the Cape Fear section in 1853 
within a degree of that of the St. Augustine section in 1853, 
while the Cape Hatteras section in 1848 and in 1853 differed 
two degrees in mean temperatures. Again, the temperatures 
from the surface to thirty fathoms, just below the axis of the 
stream, in the Sandy Hook section, in August, 1846, was 
either as high or higher than those on the Cafiaveral section 
in June, 1853. In general, the Cape May section in 1846 and 
the mean of the Cape Henry section of 1846, 1847, and 1848 
are warmer at the same depths than the sections south of it 
were in 1848 and 1853. 
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These results show that there are great changes in temper- 
ature from year to year, and probably from season to season. 
Some progress has been made in connecting these results in 
a general way with the changes of weather in the Gulf of 
Mexico. 

The depths at which the results are easily determined, and 
where they are characteristic and as permanent as the phe- 
nomena permit, is thirty fathoms. 



YL FIGURE OF THE BOTTOM OF THE SEA, BSLOW THE GULF STREAM. 

We have seen that in cross sections there is a great resem- 
blance in the bottom of the sea off our coast to the region of 
land more removed from the coast-line in the interior. The 
top of the first range of hills (see Diagram No. 9, Plate L) is 
1,500 feet above the valley to the eastward of it, distant twelve 
miles ; and the top of the second range 600 feet above the 
same valley, distant fifteen miles. The first slope is 125 feet, 
and the second is forty feet, to the mile. The bottom of the 
sea, from the Tortugas section to that of Cape Florida, rises 
from 800 to 325 fathoms, and from the same point descends, 
in passing northward and eastward. The Cape Florida sec- 
tion showed that there then was present a ridge of compar- 
atively cold water, since the division into bands should apply 
along the stream as well as in the direction of its cross sections. 
The temperature of 40** is in fact reached on that section at 
300 fathoms, and, as well as can be judged from the results 
in the separate sections, there are divisions of this sort The 
diagram No. 2, Plate IL, shows where the curves of 50® and 
45° are found upon the different sections, and indicates a rise 
on the Charleston section and a sharp descent from Charleston 
to Cape Fear. 
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turns quite to the eastward, having a velocity of between one 
and one mile and a half the hour. 

That this curve follows the general sweep of the coast under 
water, appears most probable ; the coast Une, the curve of one 
hundred fathoms, and the ranges of hills discovered by Lieuts. 
Maffitt and Craven, all seem to indicate it. That the direction 
of the stream is given in a general way by the configuration 
of the bottom of the sea, is hardly possible to doubt, -while 
admitting that it receives modification jfrom other, and per- 
haps more general, causes. The after progress of this mighty 
stream and of its branches, if it does divide, remains yet to 
be traced, and so also its heading in the Gulf of Mexico. 

I forbear to mingle doubtful spectdation upon causes, with 
the inductions in regard to temperatures, which it has been 
the object of these observations to supply, and of this lecture 
to bring to your notice. 
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A. MATHEMATICS, PHYSICS, AND CHEMISTRY. 



I. MATHEMATICS AND PHYSICS. 



1. On the Possibility of expressing the Polar Coordinates 
OP THE Asteroids by converging Series, admitting op 
Tabulation. By Prof. George W. Coaklay, of Hagers- 
town, Maryland. 

Let APBhe the elliptical orbit of any planet, A KB the circle de- 
scribed upon the major-axis as a di- 
ameter, F the focus occupied by the 
sun's centre, FPz=zr the planet's 
radius-vector at any moment. 

Hence PjPif=r=the true 
anomaly, NC M=i E^zihe eccen- 
tric anomaly, CN= a=: the mean 
distance. Let FM=: x; then x = 
r cos V, CM= a e "{' X = a cos JS, 
e = the eccentricity. 
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Hence rcoav = a (cos E — «). (1) 

Produce FP and ON to meet in (r, and draw GD perpendicular 
to OX;letFG=riFD = XyCG = m; then 

Xy = rj cos V, a « + ^1 = ^ ^^^ ^> .•. iw cos £ = a « + r^ cos r. (2) 

., m sin v sin v /o\ 

Also - = - — - , or i» = r^-, — - . (3) 

But the polar equation of the orbit -4 P^ is r = — ; — i. (4) 

1+6 cost; 

Dividing (1) by (4) we have cos t; ^(1 + ^costQ (cos^- Q ^^y 

1 ^e 



Hence cos r — c ^ cos t; = cos JB? — 6 + « cos v cos ^ — c * cos 



V 



... cos^=-L+^l£.. (6) 

1 -|- e cos v 

.'. 8in^= V^l — g^s'n^ ; (7) 

1 -|- 6 COS V 

where it is evident that VI — e^ must be taken positivdy. 

From (2), (3) and (6) we have 

sin r c + cos v , ,o\ 

^1 • 1^1 I = a e+ ri cos v. (8) 

. sm j& 1 -|- c cos t; 

Eliminating sin E by (7), we have 

r, (e + cos v) , 

^ \ ' = a c + ri cos r. 

yji — e^ 

Hence, 

^1 • [^ + (1 — \^ TII78) . cos r] = a e yj i_«a 

1 4- — ^ — • cos V 
e 
Let 

1 — Vl — «« g 

^1= i l + v/T=T^' 



(9) 



(10) 
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And, 

a^TZI7^ = ai(l — e,^). (11) 

Hence, 

r. = °'(^-"') . (12) 

1 + «, COS r 

It is therefore evident that the locus of the point G is an ellipse, the 
radius-vector jP G coinciding with that of the planet in direction, I 
shall call this ellipse the Jirst derived orhii of the planet 

According to the usual notation, let 

e = sin g) , and e^ == sin (pi ; 



Then 






Bjn„^_ 8»i»<J' _2sini9Cosi<p_ 


= tani9. 




^' 1 -}- cos g) 2 cos* ^ gp 




0'' 

Sin qpi = tan f q). 




(13) 


It is also easy to prove that 






Whence, 




(U) 



«• = 2» . «J . (1 + «i^-*. (15) 

It is well known that the radios vector r, and the trae anomaly 
V, of any planet can be developed in series arranged according 
to the ascending powers of the eccentricity e ; hence by substitution 
from (15) and developing, those coordinates may in like manner be 
expressed in series arranged according to the powers of the much 
smaller eccentricity e^ ; which I apprehend will be found advantageous 
in the case of the asteroids. If, however, it should happen that e^ is 
still too great, then a $ec<md derived orbit may be obtained from the 
first, exactly as the first was derived from the planet's true orbit, and 
in which we should have the relations, 

sin qpj = tan J qPi , Ci == 2* . ^ . (1 + ^"*> 

by the substitution of which the planet's coordinates would be ex- 
pressed in terms of the powers of eg. This process may evidently be 
carried on to any required extent; and even the perturbations of the 
asteroids, which depend upon the eccentricity, may be expressed by a 
similar transformation, with more converging series than in the usual 
manner. Hence they may admit of tabulation like the older and less 
eccentric planets. 
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2. Theory connected with the Solar Spots (Abstract). Bj 
Prof. C. W. Hackley of New York. 

Obsertations made by me for a number of months, indicate that 
when the penumbne of the solar spots are equally broad on the east and 
west side of the nuclei, the temperature at the earth rises much and 
rapidly within a day or two after, and suddenly falls again below its 
normal state, the fall being often accompanied by an aurora. 

I have been disposed to attribute this to an emanation of transparent 
elastic matter, from the opening in the pholosphere of the sun, which 
constitutes the macula. This matter reaching the vicinity of the 
earth's attraction with great velocity, contracts by the action of the 
attraction, giving oif heat, and expands again on passing away from the 
earth, producing cold ; and affording the material for the Aurora 
Borealis, especially when coming in contact with the terrestrial at- 
mosphere. 

The force requisite to produce such a velocity must be enormous, 
but not greater than that to which the comets have been subjected, in 
their origin ; — and I am inclined to attribute this origin to the maculse 
of either our own sun or some other, the matter of the emanation con- 
densing sufficiently by the radiation of its own heat to become visible 
by reflection of the solar light when the comet is seen. 

The corona in total eclipses of the sun, I suppose to be the same 
emanations of elastic matter through the intervals of the luculi. The 
diameter of the corona is too great for an atmosphere, and its effects on 
certain comets as that in 1843, should have been greater if of an atmos- 
pheric nature. 

The sun I take to be the source not only of meteors which may be 
the emanations I have supposed, after contact with the atmosphere, 
but also of aerolites and showers of cinders. The sun has an enor- 
mous activity for the production of these bodies, whilst the moon, to 
which they have been attributed, however great may have evidently 
been its activity, shows on the surface towards us at least that this is 
now extinct and dead. 

Finally, it has occurred to me that this emanation of transparent 
matter from our own and other suns, might be the substance of the 
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ether ejected with sufficient velocity to reach other systems as do the 
comets, and filling the intermediate spaces between system and system, 
affording a medium capable of transmitting the vibrations produced by 
the rapid action of the pholosphere and thus, the sensation of light 

In confirmation of these views, in addition to the observations alluded 
to above, I may mention the following : — 

1. Professor Olmstead in a treatise on the aurora, published by the 
Smithsonian Institution in 185d, makes its secular period about sixty- 
five years, nearly a multiple of that of the solar spots 11.111 years. A 
careful examination of his history of the aurora shows a period coi^ 
responding with that of the spots. He also notices the connection 
between the aurora and meteors. 

2. The period of an unexplained inequality in the solar perigee 
noticed by Mr. Leverrier, Comptes Rendus, Tome xxxvi. p. 351, is 
66§ years, an exact multiple of the period of the solar spots. 

3. A diminution of the mean motion of the planet Mercury, on 
comparison of the observations of the last forty years with one another, 
and with ancient observations (noticed by M. Leverrier in the " annals 
of the Observatory of Paris,*' Vol. 1, p. 38), without any correspond- 
ing diminution in the mean distance, may be explained by a combina- 
tion of a resisting medium with an outward movement of the same. 

4. The daily published records of temperature throughout £urope 
and Algiers, and those of America from Nova Scotia to San Francisoo, 
show that the maxima of temperature follow upon the axis of the open- 
ing of a solar spot being directed towards the earthy and that this is 
universal and simultaneous, or nearly so over the whole earth. 

The account given by Mr. Dawes, in the Ast. Nach. of a remarkable 
spot seen by him in October, 1859, shows that the force producing the 
opening in the pholosphere is from within outward, since he saw the 
facula raised above the edge of the disc, like an elevated mountain 
ridge on the moon. The opening of this spot was very oblique. The 
spots seem most frequently to have the axis of the opening directed 
towards the earth, when on the east of the centre of the sun. 

In No. 1207 of the Astronomesche Nachrichten, Secchi notices extra- 
ordinary heat in July and August, 1859, without a proper state of the 
wind to produce it He says : Si cette temperature elevee est generale 
il faudra en chercher la cause allieurs que dans les vents et dans Tat- 
mosphere terrestre peutetre le soleil lui-mene et plus puissant cette 
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anne ici." The same remarkable temperature was exhibited on this 
side the Atlantic both north and south of the equator at the same time. 
Alluding again to this same period in another paper, in connection 
with a day aurora, Secchi says, during these extraordinary heats, a 
very large solar spot was visible without instruments. And yet Secchi 
himself, shows by experiments with the Melloni apparatus, that the 
spots are not so hot as the luminous portions of the sun. Secchi's 
experiments also prove the equatorial portions of the sun to be hotter 
than any other. Does not this disprove Herschel's theory of the for- 
mation of the spots rather than confirm it? If the heat in the equatorial 
regions be prevented from radiating there by the greater thickness of 
the atmosphere, ought not this portion of the sun to show a lower tem- 
perature by the Melloni apparatus ? 



3. On the Eclipse op the Sun op the 18th July, 1860, from Ob- 
servations taken at St. Martin, Isle Jesus, Canada East, — 
Lat 45° 32' North; Longitude 73° 36' West, 118 feet above 
the level of the Sea. By Prof. Charles Saiallwood, St. Mar- 
tin, Isle Jesus, Canada East 
As seen by the geographical coordinates of the place, the obscuradon 
was only partial, and south of the line of the total eclipse — the first 
constant occurred at 7 hours 10 minutes in the morning (St. Mar- 
tin's mean time), at a little west of the sun's northern limb {direct 
view), the sky at 6 a.h. was somewhat clouded by ^ cumulus'* clouds, 
which cleared away and lefl the first contact visible, a few '^ cumuli " 
passed over the sun at 7 hours 30 minutes, and a few '^ strcUi " were 
seen in the north-east near the horizon — the line of contact was sharp 
and well defined, the inferior cusp at one time seemed somewhat 
"straightened," or as it were elongated backwards, but sharp. The 
sun's disc presented several spots, one of a large size, which had been 
visible for some days, — the moon's shadow passed directly over this> 
and a smaller spot ; there was no apparent " Uuntness " at the cusp, nor 
were the edges ^^ jagged " or " serrated " at any time ; the surface'of the 
moon appeared very dark in contrast with the bright and silvery disc 
of the sun ; a ^haziness" was observed on the outer edge of the sun; 
the last contact, which was very distinct, was south of the sun's eastern 
limb. 
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The usual 6 o'clock morning observation is thus recorded : — Barome- 
ter 29.826 inches, temperature of the air 62** 3', minimum temperature 
during the night 58° 6', lowest point of terrestrial radiation 47® 8', wind 
S. S. W., calm, cirr. cum. clouds -j^, ozoneometer indicated -^^ Volta's 
electrometer marked I*' : negative intensity of the sun's rays 63® 4'. 
Sun somewhat clouded. Aurora Borealis visible during the night. 



Tabls 


SHOWING 


THs Htorohatbicai. Statb 


OP THE AtMOSPHEBB. 


St. Martin's 
mean time. 


Oaseoot 

pressure of 

the Atmos- 

phere. 


Dew point. 


Elastic force 
ofTapor. 


Weight of 

Tapor in a 

cubic foot of 

air. 


Degree of 
humidity in 
redaction. 


Bemarbi. 


h.m. 


Inches. 


Degrees. 
550.2 


Inches. 


Grains. 


1,000. 


7.00 


29.409 


0.445 


4.99 


0.798 


Cloudy. 


7.10 


.416 


550.8 


0.425 


4.72 


0.711 


iBt contact. 


7.15 


.416 


550.8 


0.425 


4.72 


0.687 




7.30 


.436 


520.2 


0.402 


4.47 


0.651 


Camuli. 


7.40 


.428 


530.8 


0.425 


4.72 


0.687 


Light cirri. 


8.00 


.447 


540.1 


0.430 


4.67 


0.652 




8.10 


.405 


560.4 


0.464 


5.14 


0.726 




8.13 


.384 


570.2 


0.476 


5.51 


0.798 


Greatest obsca- 


8.30 


.362 


560.4 


0.464 


5.14 


0.726 


ration. 


8.45 


.340 


580.2 


0.494 


5.39 


0.731 




9.00 


.398 


560.2 


0.461 


5.09 


0.657 




9.15 


.353 


58O.0 


0.489 


5.38 


0.672 




9.20 


.344 


580.9 


0.501 


5.46 


0.620 


Last contact. 



This table shows the increase of vapor and amount of humidity during the 
eclipse, its gradual increase up to the moment of greatest obscuration is well shown. 



Tablb showing thb Atmosphebig Pbbssubb, Tehpebatitbb, and Radiation. 



St. Martin's 
mean time. 


corrected and 

reduced to 82 

F. 


Temperature 
of the air V. 


Intensity of 

the sun's 

rays. 


Intensity of 

terrestrial re^ 

diation. 


Remarks. 


h.m. 


Inches. 


Degree*. 


Degrees. 


Degrees. 


7.00 


29.854 


620.7 


8I03 


540.0 


'Zenith dear. 


.10 


.841 


640.7 


90O.3 




Ist contact. 


.15 


.841 


65O.0 


870.8 






.30 


.838 


650.3 


870.1 


520.7 


Cumuli. 


.40 


.853 


65O.0 


86O.O 


520.5 


Light cirri. 


8.00 


.877 


66O.0 


840.2 






.10 


.869 


66O.0 


780.4 






.13 


.860 


630.9 


770.4 


570.0 


Greatest obscuration. 


.30 


.826 


660.2 


780.0 


570.0 




.45 


.854 


670.0 


820.4 


6OO.O 




9.00 


.859 


69O.0 


86O.4 


620.5 




.15 


.842 


70O.3 


960.2 






.20 


.845 


710.1 


950.2 




Last contact. 



This table shows the decrease of temperature of the air, and also the decrease in 
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the intensity of the solar rays ; the lowest reading of the barometer occurred sev- 
enteen minutes after the greatest obscuration, the lowest temperature, aa might be 
expected, occurred at the moment of greatest obscuration. 

Polarimeter. Nothing unusual could be detected either in the inten- 
sity of the sky polarization or in the normal angle, compared with ob- 
servations made some days previous. The zenith was quite free from 
clouds during the whole period of the eclipse. 

Solar Spectrum. The solar spectrum was carefully observed during 
the whole time, but nothing was seen either in extent or definition 
from its usual appearance. An apparatus erected for the purpose of 
examining Fraunhofer's black lines in the solar spectrum was used 
both with direct and reflected light, and indicated nothing bat a slight 
faintness or nebulous appearance in the red end of the solar spectrum ; 
the lines were distinct, and were well shown in the other colored rays. 
An upright staff showed no ^^ftichering " or " wavering " of its shadow. 

Photometric Scale, Sensitive paper prepared and exposed succes- 
sively for a given period of time showed very positive and interesting 
results, the shades varying considerably during the increase and de- 
crease of the partial covering of the solar disc Chromotype paper 
also furnished similar results from given periods of exposure. Our 
dever photographic artist, Mr. Notman of Montreal, found similar re- 
sults in the use of his chemicals. I am indebted to him for nine photo- 
graphs obtained by him during the eclipse : 

The ozoneometer exhibited no sensible difference. 

Atmospheric Electricity/, The electrometers at 10 p. m. on the 17th 
day, indicated only 1^ of a negative character, and at 7 a. h. of the 
18th day remained the same both in degree and kind ; there was a 
slight increase in intensity from 8 till 8.48 a. m. of 1-^°, but possessing 
the same negative or resinous character. 

The only effects on the animal creation which were observed was 
the frequent crowing of cocks ; and on the vegetable kingdom the flow- 
ers of the " morning gloriesJ* Convolvulus seemed somewhat drooping. 

The photographic artist (Mr. Notman), to whom I have referred, 
obtained some beautiful ambrotypes of the eclipse, nine in number, 
by direct view, and is a fine specimen of instantaneous photography. 
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4. Abstract op the Principal Results op the Astronomical 
Observations at Van Rensselaer Harbor and other 
Places near the North-west Coast op Greenland, 

MADE BY the SeCOND GrINNELL EXPEDITION, UNDER COM- 
MAND OP Dr. E. K. Kane, U. S. N., during 1853, 1854, 1855 
(from a reduction and discussion bj Charles A. Schott), Assist- 
ant Coast Survey.* Presented bj Prof. A. D. Bache. 

Of the astronomical observations made by Dr. Kane's party, those 
for the longitude of Van Rensselaer Harbor, the winter-quarters of the 
expedition, were most numerous and carefully attended to. The geo- 
graphical location of the shore line, traced by the expedition, depends 
for its longitude on that of Van Rensselaer harbor as the central merid- 
ian. The latitude of Van Rensselaer harbor was likewise carefully 
determined, as far as the instrumental means of the expedition per- 
mitted. The astronomical and geodetic material collected by the 
various travelling parties, and required for the geographical position of 
their tracks, is given in Appendix No. 6 to the second volume of the 
Narrative. Part of this material was collated with the manuscript, 
and the revised results will be given in this paper after the'result of 
the discussion of the latitude and longitude of the winter-quarters. 
The record of the observations discussed is taken from the original log- 
book or other manuscript documents, belonging to the expedition. The 
astronomical observations were under the special care of Mr. Augustus 
Sontag. The principal instruments for the determination of the geo- 
graphical positions were sextants, a Gambey theodolite, a transit in- 
strument, and five mean time chronometers. 

Fern Rock observatory was established on the northernmost of the 
rocky group of islets in Van Rensselaer Harbor, of which a general 
survey was made on August 25, 1853. The observatory consisted of 
four walls of granite blocks, cemented together with moss and water, 
and the aid of frost. These walls were covered with a substantial 
wooden roof, with openings in the direction of the meridian and prime 



*For the complete paper, see Smithsonian Contribations- to Knowledge , 
Vol. XII 
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vertical. The transit and theodolite were mounted on piers, formed hj 
a conglomerate of gravel and ice, well rammed down, in iron-hooped 
pemmican casks and cemented bj freezing water. These piers were 
found as firm as the rock on which thej rested. 

Observations for latitude of Van Rensselaer Harbor. The first 
observation for latitude' was made on Sept. 12, 1853, with the theodo- 
lite. Later observations were obtained bj means of a sextant and arti- 
ficial horizon. The Gambey theodolite, kindly lent by the superintend- 
ent of the Coast Survey, Prof. A. D. Bache, was furnished with repeat- 
ing circles ; the diameter of the horizontal circle was six inches, with 
the limb divided from five to five seconds, and provided with two ver- 
niers ; the vertical drcle has four verniers, and is of the same size and 
graduation as the horizontal circle. The value of one division of the 
level was found to be I'.ld. This instrument was much injured by a 
fall in the water and rendered unfit for use by a second accident, two 
months later, in November, 1853, when it fell from the pier at the 
observatory. The following tabular statement contains the dates, nature 
of observations, and instruments used : — 



Van Bensselusr Harbob. 

Sept. 1 2, 1 853. Obseirations of the sun's zenith distance for time, one set ; Gambey 
theodolite. 
« tt t€ Obseirations of the circammeridian altitudes of the san for latitude, 
two sets ; Gambey theodolite. 
Feb. 20, 1854. Observations of double altitudes of Saturn for time, two sets ; Gam- 
bey sextant. 
May 1 4, 1 854. Observations of circummeridian altitudes of the sun for latitude, two 
sets ; Gambey sextant. 

" 15, ** Observations of curcnmmeridiaa altitudes of the sun for latitude, two 
sets; Gambey sextant. 

" 16, " Observations of circummeridian altitudes of the sun for latitude, two 
sets ; Gambey sextant. 

" 16, " Observations of equal altitudes of the sun for time, two sets; Gam- 
bey sextant. 

" 17^ " Observations of equal altitudes of the sun for time, two sets ; Gam- 
bey sextant. 

" 1 7, " Observations of circummeridian altitudes of the sun, for latitude, two 
sets; Gambey sextant. 

'* 19, " Observations of equal altitudes of the sun for time, one set; Gam- 
bey sextant. 



May 14, 1854 


780 37' 11" 


•* 15, " 


36 58 


" 16, " 


37 06 


u 17^ « 


87 12 


" 20, " 


36 55 
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The pocket chronometer was set to indicate Greenwich mean time 
within a few minutes ; we have, for instance, from the above observa- 
tions : — 

ll. V. ■. 

May 16. Pocket chronometer fast of Fern rock mean time 4 39 24.9 

" 17. " " " *' " " 4 39 24.4 

« j9^ M (c K a u u 4 39 21.8 

" 20. Observations of circnmmeridian altitudes of the son for latitude. Gam- 
bey sextant. 

Recapitulatiok of Results fob Latitude of Van Bensselabb Habbob. 

Sept. 12, 1853. For the observatory 78"* 37' 44", which result has 
been used for the reduction of the transit observations at the obser- 
vatory. The following results for latitude refer to the position of the 
brig Advance some distance to the southward of the observatory : — - 



> mean780 37'4"±S-'. 



which result was used for the reduction of the occultation and eclipse 
observations ; it gives also the latitude of the meteorological observ- 
atoiy on the floe. 

The observations for longitude of Van Rensselaer harbor consist of 
transit observations for time and of the moon and moon-culminating 
stars ; also of occultations and an eclipse observation. 

The transit observations commence November 18, 1853, and end 
January 10, 1854. Time was noted by the pocket chronometer. The 
transit instrument was supplied with five wires and are recorded from 
I. to y. in the order in which the star (or moon) passes them at the 
upper culmination, the circle being east of the telescope. The letter R, 
attached to the name of the object observed, indicates that its transit 
was observed reflected from a mercurial horizon: this method of 
observing became necessary for the measure of the inclination of the 
axis in consequence of the intense cold affecting the length of the bub- 
ble to such a degree that the level became useless. At temperatures 
below — 40° no use could be made of the instrument It was properly 
adjusted — an operation of some difficulty in so high a latitude and at 
so low a temperature. For the azimuthal adjustment there remained 
but an arc of 11^° between the pole and the zenith* The instruments, 
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when composed of two metals, become difficult to manage in consequence 
of unequal contraction. A peculiarity in the construction of the instru- 
ment requires to be noticed ; it does not permit direct observation of a 
star elevated more than about 50° above the horizon, hence all obser- 
vations upon the pole-star and others near the zenith had to be observed 
reflected. Transit observations were made on the following dates : — 



Nov. 


18, 


1853 


Moon and 8 stars 


« 


21, 


(( 


« 


" 10 


« 


It 


23, 


tt 


C( 


" 11 


c< 


Dec. 


8, 


tt 


It 


** 4 


tt 


«( 


9, 


tt 


<t 


" 2 


t( 


tt 


12, 


tt 


tt 


tt A 


ft 


tt 


13, 


tt 


tt 


" 9 


tt 


tt 


14, 


tt 


tt 


" 6 


tt 


It 


15, 


tt 


tt 


" 12 


tt 


Jan. 


8, 


1854 


Moon, Saturn and 7 


tt 


tt 


9, 


€t 


Moon 


" 5 


tt 


tt 


10, 


n 


tt 


" 4 


ft 



For the reduction I have adopted lat 78° 37^', long. 4h. 43m. 28s. 
W. of Greenwich. The reduction was made by application of the 
method of least squares; there being no level readings, the amount 
of inclination of the transit axis had to be found from the transit obser- 
vations themselves ; the number of unknown quantities in the normal 
equations was reduced to three, since the collimation error could be 
deduced independentlj. The instrument was adjusted for collimation 
on November 18 and on December 13. Polaris was observed, reflected, 
circle east and west ; the result was, however, satisfactorily checked 
from those sets of observation including stars above and below the 
pole. A preliminary reduction was made in order to ascertain an 
approximate value for rate of the chronometer ; the observations were 
corrected for rate. For the reduction of the incomplete transits and 
for deducing the collimation error, the equatorial intervals of the wires 
have been deduced from transits of eighteen stars, as follows : — 

Fob Cibolb East akd Uppbb Culmination. 



I. 


—39.71 ] 




II. 


—19.82 


The probable error of each 


III. 


— 0.22 


- interval is on the average 


IV. 


-fl9.84 


+0.078. 


V. 


+39.91 
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The immediate purpose of the reduction is to obtain values for in- 
strumental deviations, the necessary corrections have been applied to 
the observed transits of the moon and moon culminating stars ; it is, 
however, only the difference of these corrections which affects the re- 
sulting longitude from the moon culminations. For the first three ob- 
servations of Nov. 18, 1858, we have no means of ascertaining the 
level and azimuthal deviation, the corresponding fstctors, however, for 
the moon and stars are nearly equal. 



Kbcapitctlation of thb dbducbd Sidebeal Timbs or thb Moon's Limb. 



1853. 



Nov. 18 


<[n.f 


J. p. 


u 2\ 


Ul.1 


i.p. 


" 23 


an. 




Dec. 8 


<[i. 




« 9 


di. 




« 12 


aL 





h. n. s. 
17 57 43.2 
20 40 00.7 
10 49 25.0 

23 31.5 

1 09 53.8? 
3 29 35.6 



1853. 


Dec. 


13 


a I. 


« 


tt 


14 


( I. 


ti 


u 


14 


an. 


it 


u 


15 


an. 


1854. 


Jan. 


8 


a I. 



h. m. g. 

4 19 11.1 
1 50 53.8 

5 13 06.4 

6 06 38.4 
3 13 14.5 



The longitude is deduced from the above values by a method re- 
ceived from Prof. Peirce in 1851, an account of which is given in Coast 
Survey Report for 1858, Appendix No. 21. Prom the Greenwich 
observations corrections were deduced to the tabular places of the 
moon's right ascension. 



Recapitulation of Rbsults iob Lonoitudb tbom Moon Culminations. 



1853. 



1854. 



Nov. 18 
« 21 
" 23 

Dec 8 
" 12 
" 13 
" 14 
" 14 
" 15 

Jan. 8 





h. m. ■. 


<in.fl.p. 


4 45 08 


aii.B.p. 


4 43 32 


CIL 


4 43 53 


a I. 


4 47 571 


a I. 


4 45 39 


a I. 


4 43 39 


a I. 


4 43 38 


an. 


4 43 14 


an. 


4 43 58 


a I. 


4 41 50 



The value of Dec. 8 mtist 
be rejected on the gronnd of 
imperfect transits. The re- 
salt of Dec. 9 is nnreUable 
and has been rejected. 



The weighted mean from nine observations is 4h. 48m. 84s.db ISs. 
If we combine the results according to the moon's limb we find : 



from a !• 

an. 



h. m. t. 
4 43 14 
4 43 50 



weight 8.5. 
10.5. 



adopted valae 4 43 32 
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Becord and Results of the Occultatioms and an Eclipsb obssbtxd at 
Van Rensselaeb Harbob. 

In the record the times are given bj chronometer uncorrected for 
error and rate, in the two accounts published in Appendix No. IX. of 
the Narrative, and No. 1017 of the Astronomische Nachrichten, the time 
is mean local time, as made out by Mr. Sontag. Observations were 
made on the following dates : — 



Occultation of Saturn Ring, 

" of Saturn Ring, 

** of Saturn Ring and centre, 
of Mars, 
Eclipse of the Sun, .... 



Dec. 12, 1853. 
Jan. 8, 1854. 
Feb. 4, 5," 
Feb. 13, " 
Maj 15, 1855. 



The method of reduction used is that of finding the time of true con- 
junction in right ascension (for which see Sawitsch*s treatise on Prac- 
tical Astronomy, German edition by Dr. Goetze). The tabular nau- 
tical almanac places and data have been corrected, when practicable, 
from the Greenwich observations. The contacts of the ring of Saturn 
were referred to the centre by application of a radial correction deduced 
from diagrams of Saturn and ring, and the relative positions of the 
moon. Conditional equations were formed in each case, and the fol- 
lowing results were reached : — 



Dec. 12, 1853, 


Occult, of Saturn, 


h. m. s. 
4 43 51.8 


Jan. 8, 1854, 


(f t( 


4 43 31.0 


Feb. 4, 5, " 


ft it 


4 43 27.6 


Feb. 13, " 


Mare, 


4 43 01.2 


May 15, 1855, 


Eclipse of the Sun, 


4 43 41.9 


Mean, 




4 43 30.7 t 68. 


Resulting longitude 


from 9 moon-culm's. 


4 43 32.0 + 13 



Final longitude of winter quarters, 4 43 31 + 7 W. of Greenwich. 

= 70° 52^ 46" + \y 

If we compare any of the separate results for longitude with the final 
value, and in considering the probable errors, it should be remembered 
that one degree of longitude in parallel 78^ 37^ is but 11.88 nautical 
miles, thus the above uncertainty of 7s. in the final result for longitude, 
is but half a mile of linear measure. 

The following table contains the result of the reduction of the re- 
maining astronomical observations, and of some adopted longitudes : — - 
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lAft. 


Long. W. of Greenwich 






Fiflkernaes, 


63° 02^8 


50° 32^5 


dh. 22m 


108. 


(approx.) 


Proven, 


72 23.0 


55 37 .5 


3 42 


30 


tt 


Upemavik, 


72 46 .2 


56 02 .8 


3 44 


11 


by Ingleficld 


Kefage harbor, 


78 32.7 


73 50 


4 55 


20 




Cape Inglefield 


78 34.1 


72 55 


4 51 


40 




Marshall Baj 


78 51 .1 


68 54.0 


4 35 


36 
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The following positions were determined from observations by trav- 
elling parties : — 





Lat. 


Long. W. of GtMnwioh 


Cape John Prazer, 


720 


42'.9 


71° 30' 


Cape Prescott, . 


. 79 


35.2 


72 56 


Cape William Wood, . 


78 


59 


68 20 


Cache Island, . 


79 


12.5 


65 ao 


Cape Andrew Jackson, 


80 


01.6 


66 52 


Cape Jefferson, . 


80 


41 .2 


67 52 


Cape Madison,. . 


80 


20.2 


66 52 


Littleton Island, . 


78 


22.0 


74 10 


Cape Alexander, . 


78 


09.3 


74 20 



The following results are taken from a report of Mr. Sontag's to 
Dr. Kane, dated Sept. 12, 1855 (at Godhavn) : — 

Long. W. of Greenirieh. 





Lat. 


Fitzclarence Bock, . 


. 76© i>.V.0 


Dalrymple Rock, . 


. 76 30.5 


Parker Snow point. 


. 76 04 .2 


Cape York, . 


. 75 56 .0 


Godhavn, 


. 69 14.6 



70O 23' 


68 


44 


66 


48 



The complete paper, as printed by the Smithsonian Institution, is 
accompanied by a newly-projected map. Comparing the same with the 
original chart in Dr. Kane's Narrative, it will be perceived that the 
onlj change of importance made is the shifting of the shores of Ken- 
nedy Channel to the southward to an amount of about nineteen nautical 
miles ; it is well known that Dr. Kane had adopted the mean positions 
resulting from astronomical observations and dead reckoning, whereas 
in the new map accompanying the astronomical paper, the astronomical 
results alone have been used. This change was made with the concur- 
rence of Prof. Bache, who, in May, 1858, communicated to the Royal 
Geographical Society in England, that such a step seemed desirable 
and proper. The highest point of the shore line, traced by Morton, on 
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the east side of the channel, is now placed in latitude 80^ 5C^, and, on 
the opposite side, the highest point distinctly seen by him, is located in 
latitude 82^ 07^ Mr. Sontag also expressed himself favorable to this 
change made in the latitudes of the highest land seen. 

Some observations were made by Dr. Kane on the twilight at Van 
Rensselaer harbor, in latitude 78^^, the limits of legibility, for ordinary 
large type, were with a depression of the sun below the horizon of 7^ 
26' and 8^ 11^ It is generally assumed that in temperate latitudes, 
complete darkness sets in when the sun's depression reaches 18° ; on 
the 2d of March, the first appearance of twilight was noticed at a de- 
pression of 15° (/ (temperature — 37°), in lat. 78 J° ; thus it appears 
that in this high latitude twilight is more feeble with the same depres- 
sion of the sun than in lower latitudes. This circumstance is, doubt- 
less, owing to the diminished height of the atmosphere (by contraction, 
on account of the cold, and by compression), in the high latitudes. 



5. On a New Theory op Light, proposed by John Smith, 
M. A. By Prof. Ogden N. Rood, of Troy, N. Y. 

Several months ago, when attempting, by means of a revolving 
disk, to measure the time occupied by the explosion of small charges of 
gunpowder, the following observation was made : The flame of a burn- 
ing-fluid lamp was viewed through a rotating disk provided with four 
radial slits, and it was found that a certain rapidity of relation caused 
the lower part of the flame to assume a green hue, while by a dimin- 
ished rate the whole flame was colored deep purplish red ; a lower rate 
gave a violet tint, alternating with pure white. 

It was evident that these appearances depended much on the state of 
the eye, for they often could be perceived only after it had become a 
little fatigued by the blinding effect consequent on the comparatively 
slow succession of the impressions of light ; in addition to this, I found 
that a friend who was present, though recognizing the green tint, 
was unable to perceive the red hue, with which my eyes at that very 
moment were dazzled. 

I considered these appearances, therefoi-e, as suhfecttve^ and laid the 
matter aside for future experiment* As, however, similar phenomena 
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have been observed in England, and have been thought to have not 
only an objective existence, but to be worthy materials on which to 
build a new theory of light, it may not be amiss to enter into a slight 
examination of their nature. 

In Mr. Smith's experiments, of which I have been able to obtain only 
the account given in the March number of the American Journal of 
Science and Arts, bright white light is allowed to act on the eye during 
a certain fraction of a second ; it is succeeded by shadow or darkness, 
which lasts also during a certain short interval of time, when the oper- 
ation is repeated anew, &c 

This pulsation of light and shade the author effects in a variety of 
ways; the result is color — a yellowish green, purple, pink, &c. 
Fechner, to whom we are indebted for extensive researches on sight, 
several years ago observed that white disks having black spiral fig. 
ures painted on them, when set in rotation ex- 
hibited colors which he considered subjective.* 

That these colors are really subjective, the 
following simple experiment may serve to show : 
A blackened disk nine inches in diameter, was 
cut with four slits of the shape seen in the wood- 
cut ; the width of the slits at the circumference 
was ^ of an inch ; the disk was made to rotate 
before a bright cloud. A rate of ten revolutions per second caused the 
cloud in a short time to appear of a deep red color, having in it a tinge 
of purple, or, according to Mr. Smith, the disk transmitted pink light ; 
it was now viewed through a plate of orange-tinted glass. Previous 
experiment with a small telescope provided with a micrometer, and a 
flint glass prism, had shown that this orange-colored glass readily trans- 
mitted the red, orange, yellow, and a portion of the green, but that it 
was opaque to the blue and violet rays ; it was therefore fairly to be 
expected that if the disk was really transmitting red light, the plate of 
glass would do the same. The result was different ; through the glass 
the disk appeared of a bright greenish-blue color. This experiment is 
very easy to make, and the effect is brilliant 

Plates of glass of other tints were now employed ; the results are 
given below. 

♦ Fogg. Ann. Vol. XLV. p. 227. 
2» 
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Medium. 

YeUo\f glass, 
Green " 
Red " 



Tints of the Disk, 

Violet, 

Green, neutral, or faint red. 

Bed, neatral, or faint green. 



As the green glass was nearly opaque to red rays, the effect of its 
use ought to have heen darkness. It is evident by an inspection of 
this table that the disk really transmitted white, and not red light, 
which becoming colored by its passage through the plates of glass, in- 
duced in the retina, from time to time, the sensation of the complement- 
ary tint, more or less mingled with the original impression. 

Having now shown that, contrary to Mr. Smith's supposition, the 
light transmitted by the revolving disk is really white, let us notice 
some of its effects on the eye. 

For this purpose I caused perforated disks to revolve at uniform 
rates by means of clock-work ; the arrangement being similar to that 
employed by Plateau. A blackened disk five inches in diameter and 
perforated with four slits 7^ 12' in the width was set in rotation, and 
the bright sky viewed through it ; the eye of the observer being imme- 
diately behind the disk. With a rate of 11^ revolutions per second, 
2- the appearance of the window wds as in fig. 2 ; a central 

spot was colored bluish green, the rest of the field was 
purple, or reddish purple, according to the state of the 

©eye. The green spot remained always in the axis of 
vision, and moved with each change of it. With the 
exception of fluctuations in the outline of the spot, this 
appearance remained tolerably constant, as long as the 
rate of revolution continued the same. The spot or 
shadow was fringed with a narrow, faint blue border, indicated by the 
dotted line. 

8. Upon increasing the rate of revolution, the bluish 

green spot expanded into an irregularly shaped ring, 
and continued to expand, filling the field, till the rate 
had become as high as 15 rotations per second, whea 
often the field for an instant became of a greenish tint 
which was succeeded by a bluish tint ; upon increasing 
the speed this also vanished. Still higher rates cease to 
produce any of these peculiar effects on the eye. 
Upon slowly reducing the rate to 9 revolutions per second, the green 
spot contracted in dimensions, and assumed a yellow tint, while the 
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field often became at the same time tinted deep crimson. With a rate 
still lower, the appearance of the field is variable and the tints flicker- 
ing; it assumes sometimes a purple, a yellow, or a yellowish-green 
tint. 

This experiment I repeated a great number of times, with the same 
general result, and though it sometimes happened that the eye became 
insensible to these colors, from repetition, momentary rest in darkness 
restored this power for a short time. Thus it occurred that the tints 
were sometimes seen with great distinctness, while at others they could 
hardly be distinguished. 

Uiion a dark cloudy day to produce these effects it was found neces- 
sary to increase the width of the slits to 20® ; from whence it was man- 
ifest that lack of intensity in the light might be made up by its longer 
duration. 

It would appear then, from these experiments, that light from a 
bright cloud, if allowed to act on the eye repeal edly during from ^J(y to 
-riu ^^ * second, develops subjective colors ; that, however, the devel- 
opment of the subjective tint is dependent not so much on the length of 
time which the eye is exposed, as upon the interval of rest or shade 
which follows each exposure, may be shown in the following manner : 
In the experiment where with 11^ revolutions a reddish purple was 
produced, the exposure lasted -g^-g of a second ; the interval of rest or 
shade was ^ of a second ; now a disk was cut similar to fig. 1, but hav- 
ing eight slits, each 7® 12' in width, when it was found that 5.5 instead 
of 11.5 revolutions per second produced the purplish red tint ; here the 
exposure was twice as long, but the interval of rest or shade nearly the 
same. With sixteen slits, 2/^ revolutions produced the same tint, the 
exposure being of course four times as long, but the interval of rest 
nearly the same. Determinations of the length of this interval are 
given below : — 

Length of the intervals of shade required/or the production of 

Blae, ^ Mc. 

Pnrplishped, rftF " 

To ascertain exactly what portions of these intervals elapse before 
these tints make their appearance, or how long the tints are actually 
seen by the eye, is another matter, and would no doubt require an elab- 
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orate series of experiments, though it would seem probable that at least 
half of the time of the above given intervals passes before the subjec- 
tive color makes its appearance. 

The table does not apply to the axial portion of the retina, which is 
almost always differently affected. That the change in susceptibility in 
the retina is progressive outwards, is shown by the gradual expansion 
of the green ring ; that it varies from second to second, is seen in the 
fluctuations of the outline of this ring. 

The occurrence and sequence of these subjective colors may easily be 
explained by supposing that during the interval of rest or shadow the 
action of the yellow rays diminishes more rapidly than that of the red, 
the red more rapidly again than that of the blue. If this takes place 
as indicated by the curves below, it is easy to understand the production 
^' of the tints, for if the moment 

after the blue has been devel- 
oped white light be again pre- 
sented to the eye, it is evident 
that neither purple nor red will 
be seen, sufficient time not hav- 
ing been allowed for their pro- 
duction. 
The same reasoning applies 
to the axial portion of the retina, which, owing to its greater sensibility 
to such impressions of light, requires a somewhat longer interval of rest 
before the reaction occurs. 

If the impression be too strong, that is, if the light be too bright or 

the eye too long exposed to it, these peculiar effects are not observed, 

and during such short intervals of rest as ^^jj or ^g^ of a second the 

^; _ white clouds seen through the disks suffer no 

^^t ^^^^ change in tint ; but if a blackened disk twelve 

^^^K^^^^^^L inches in diameter be cut as seen in the figure, 

^^^^^Kf^^^k ^^'^ ^^ aperture of 30^, and made to rotate be- 

^^^^^^B I fore a white cloud at a rate of only one revolu- 

^^^^^^B f ^^^° P^'^ second, the eye placed as near it as pos- 

^^^^^Hhg^'^ sible, will most distinctly see, in the interval of 

^^^^^^^^ darkness, an image of the sky, of a bluish green 

tint. Whence it follows that an exposure of the eye to white light 

lasting ^g of a second, induces in it for a considerably longer time the 

sensation of this color. 
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In general these experiments seem to point out that after moment- 
ary exposure to white light subjective colors are induced in the eye, 
whose tint and duration are dependent on the strength of the impression 
received as well as upon the length of time allowed for rest; these sen- 
sations of color apparently having a relation to the colora observed 
after looking at the sun, similar to that which a temporary disorder 
bears to a chronic affection. 



6. Registering Thermometer, By James Lewis, of Mohawk, 

New York. 

The experiments preliminary to the construction of the apparatus 
now about to be described, were made during the fall and wintei* of 
1859, and completed by the construction of a registering thermometer, 
which gave satisfactory assurances of utility as early as the middle of 
March, 1860. A slight defect in parts of the apparatus, however, ren- 
dered it necessary subsequently to make alterations, in order to secure 
uniformity of action and freedom from errors. The record of the ap- 
paratus may be said to commence on the 6th day of May, 1860, and 
has been continued since, to the time of writing this description. 

While yet the apparatus was incomplete, and gave promise of utility, 
brief notices of it were presented by Mr. Lea, of Philadelphia, to the 
Academy of Natural S<;ience and the American Philosophical Society, 
and a notice was also sent to the Boston Society of Natural History. 

More recently it has been thought expedient to prepare a full de- 
scription of the apparatus, with details of its operation. (These are 
herewith presented.) 

The fiwt appearance of the apparatus presents the following features : 
A simple wooden case about twenty inches high and 7X7 inches 
lateral dimensions, has a dial near the top of the front, with a balanced 
index pointing to a scale on the dial graduated after Fahrenheit from 
— 30** to -|- 110®, a small portion of the circle remaining blank. On the 
left hand side of the exterior of the case is seen » bundle of polished 
metallic rods, brass and iron, ])rotected from accidental contact with 
external objects by other rods around them, and as a precaution 
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against radiation, between the rods and the wooden case a plate of pol- 
ished metal (tin) is interposed. 

After opening the front of the case, and removing the dial and index, 
also the various protections around the rods on the outside of the case, 
the apparatus presents the following general appearance : — The sev- 
eral parts thus exhibited occupy nearly one half of the depth of the * 
case from front to rear, being separated from the posterior half of the 
case by a vertical partition, to which all the parts here represented 
are attached. The parts which are enclosed in the posterior apartment 
of the case are a series of clock movements and cylinders of paper 
which will be only partially explained, as they are within the scope of 
any ordinary mechanic, and refer simply to the mechanical accessories 
of the recording apparatus. 

The thermometer, which is the essential feature of this apparatus^ 
consists of a bundle of iron and brass rods, arranged around a centre 
for the purpose of connecting them with each other at equal distances 
from, and as near to the centre as practicable, in order to obviate any 
elasticity in the connecting parts : also for the purpose of enabling each 
individual rod in the bundle to contribute its stiffness to the whole in a 
manner to secure the greatest rigidity and a constant parallelism of 
the rods. The arrangement of the rods is that which is illustrated by 
the compensated pendulum. The whole number of rods or wires in the 
bundle is eleven, six of these, in three pairs, are iron, and on these the 
force of compression is used. The force of extension is applied to four 
brass wires; two pairs are engaged alternately with the iron wires 
around the centre, and also a single brass wire in the centre, 
which single brass wire is the equivalent of a pair. Thus the 
first pair of iron rods is directly connected with the base of the 
thermometer, and the last (single) brass wire with the terminus. 
These wires are connected in the proper order by means of circular 
disks, corresponding to the cross-bars of the gridiron pendulum, there 
being three of these disks at the upper and three at the lower end of 
the instrument. The upper extremities of all the rods are screwed to 
the disks to which they are united, passing freely through the other 
disks with which they are not united; the lower ends of the iron rods 
have a modification of the tenon and mortice in their connection with 
the disks to which they are united, and their union is made permanent 
by means of tinner's solder. The lower ends of th3 brass rods are 
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secured to their respective disks by a nut holding against the lower 
side of the disk. The outer portion of the circular bundle is composed 
of three pairs of iron rods and two pairs of brass rods. The centre of 
the bundle is occupied by a single brass rod, which is secured at its 
lower extremity by means of a thumb-screw, which, as will hereafter 
be seen, serves for purposes of adjustment 

The base of this system of compensated rods is the disk at top, hav- 
ing a conical projection on its upper surface ; this conical projection 
articulates with a portion of the metallic base, to which the various 
levers within the case are attached. This articulation is a modification 
of the ball and socket joint The part of the large brass plate with 
which this articulation is made is turned at a right angle with the main 
body of the plate, in a horizontal direction, and serves, partially, also, 
to sustain the parts upon which the fulcrum of the large lever rests. 
By following the various connections of rods and disks from the base of 
the system of rods (the disk having the conical projection) our attention 
is drawn to connections of iron and brass, alternating, the last brass rod 
being the centre rod of the bundle, the upper extremity of which rod is 
screwed into a jointed appendage of the large lever. In the apparatus 
from which this description is made, the iron and brass rods are No. 13 
>v^ire, and present in a vertical space of about fifteen inches the equiv- 
alent of 45^ inches of iron wire antagonized by an equal length of 
brass wire. The difference in the rates of expansion of these two 
metals thus united, under the influence of plus and minus quantities of 
heat, are sought to be used in this apparatus for the measurement of 
variation of temperature. 

The bundle of rods as above described and illustrated are secured 
permanently in a pendent position, which was thought to be the best 
arrangement which could be effected, as thus a very slight assistance is 
derived from gravitation in securing their best action. 

To preserve the parallelism of the rods with the case enclosing the 
other portions of the apparatus, a bracket made of brass (or any suit- 
able metal) is made to embrace loosely the first pair of iron rods of 
the bundle, and is then screwed to the side of the case. In the con- 
struction of such a bundle of rods, it is necessary to secure free vertical 
movements of all the parts not necessarily united with each other firmly, 
perfect parallelism, and a homogeneous character for each of the two 
metals used. It is also necessary that the rods be brightly polished 
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and varnished to preserve their brightness, in order that the sncepti- 
bility of the rods to radiation may be reduced to the lowest possible 
amount. It is very uncertain whether a polished metallic plate inter- 
posed between the rods and the case for the pui'pose of intercepting 
radiation between them is of any use or not But to preserve the rods 
from accidental blows, which might disarrange them, it is necessaiy 
they should be protected by some arrangement outside of them which 
will answer this purpose, while it permits a free circulation of tar 
around the rods. 

The construction and use of the rods being now clearly set forth, 
their connection with a system of levers will be explained. By means 
of the central brass wire in the bundle, passing upward through the 
several disks and the conical projection of the upper disk (without con- 
tact with any of them), the movements of the compensated rods are 
communicated to a jointed appendage of the large lever. This ap* 
pendage is made with a joint in order to insure equal action of its two 
sides on the two ends of the steel knife edge which terminates the 
short arm of the lever. This lever multiplies the movements imparted 
to it eight times, and communicates them ^o another lever by means of 
a jointed appendage, rod and chain made of flat links and rivets. 
This lever has its two extremities made in a circular form, in order to 
avoid some errors in conversion of rectilinear to circular motion. (The 
movements of the large lever not being so considerable as to differ 
sensibly from rectilinear motion, it is not necessary it should have this 
form.) The second lever multiplies the movements imparted to it five 
times, and communicates them to the smaller portion of a pulley by 
means of a flat-linked diain. The chains used for these connections 
should be made with special reference to avoiding friction, and with 
this view the several pieces of metal forming the links should have one 
end a liitle wider than the other, and should be arranged so that the 
wider end should be the last to come in contact with the convex sur- 
faces on which they are flexed. The rivets should not be so firmly 
headed but that each link will turn on its rivets by its own weight. 

The pulley multiplies the movements imparted to it eight times, and 
communicates them by means of a slender, varnished silk cord running 
in its channelled periphery, to a light metallic fi'ame carrying a register- 
ing point This frame has two lateral arms. The arm on the left 
divides into two springs, the anterior one carrying the registering point. 
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the posterior one being perforated near its extremity in order to permit 
the point to pass through it ; the arm projecting on the right is simply 
a coanterpoise, by means of which the frcane is secured in a perpen- 
dicular position. The design of this is, to avoid friction between the 
frame and two slender parallel rods which serve to direct the move- 
ments of the frame and registering point, in one uniform perpendicular 
path. These parallel rods are made of very fine brass wire. They 
are in the same vertical plane, one immediately in front of the other. 
The ends of these wires have heads melted on them by means of a 
common blowpipe, which heads serve to secure them at their upper 
extremities to a stationary bracket which projects from the large metal- 
lic plate which forms the base and support of the levers, &c The 
lower ends of these wires are held by two springs which serve to pre- 
serve a uniform tension, under varying temperatures, so that the wires 
shall remain paralleL The size of the wires is No. 32 (wire measure). 
In reviewing the general arrangement of the several parts of the 
thermometer which have been noticed, a few other particulars are 
especially deserving of attention. The several knife edges of the levers 
should rest on agate. The axis of the pulley should rest on friction 
wheels, and should be so constructed that it could not come in contad 
with any thing but the friction wheels. The levers and pulley should 
be made as light as possible, and their forms should be such as would 
give the greatest strength with the least amount of material. No very 
great strain at any time comes on any of the parts, but elasticity and 
friction should be avoided at every point The greatest amount of 
strain is felt on the short arm of the large lever, and on the bundle of 
rods. This will be 320 times the weight of the frame that carries the 
registering point, diminished a little by the second lever, and increased 
somewhat by the long arm of the first lever. The pulley should (when 
divested of the chain and silk cord) be so evenly balanced as to remain 
perfectly at rest, in whatever position it may be placed, while resting 
on the friction wheels. The metallic plate (not shown in diagram) 
which supports the pair of firiction wheels which sustains the anterior 
extremity of the shaft of the pulley, has a tube or hollow shaft project- 
ing from its front surface, through which the anterior extremity of the 
axis of the pulley projects for the purpose of accommodating the index 
spoken of at the commencement of this paper. This tubular projection 
serves as an axis for the support of the dialf and permits the dial to be 
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turned to any position to correspond to the index, when an adjustment 
is necessary. 

The index should be so perfectly balanced that when connected with 
the pulley divested of its chain and cord, the balance of the pulley may 
not be impaired. 

The apparatus thus far described is simply the thermometer, suscep- 
tible of indicating temperature with exceeding delicacy. To record 
indications of temperature is the object of that portion of the apparatus 
not yet described. 

Immediately behind the path of the registering point is a cylinder 
nearly | of an inch in diameter, the axis of which is vertical, and parallel 
with the path through which the registering point moves. This cylinder 
presents in close proximity to, but not in contact with, the registering 
point, a fillet of paper b^ inches wide, on which to receive impressions 
from the registering point. The cylinder has a metallic shaft through 
its centre, around which is firmly wrapped a roll of soil paper which 
acts as a cushion, on which io receive the registering point without 
injury. The ends of the cylinder are protected by metallic heads 
which serve to keep the paper cushion from sliding up and down the 
shaft. The cylinder should turn freely on its axis, yet be. restrained 
from making vertical movements however slight. In front of the path 
of the registering point is a hammer having a long, narrow face paraUel 
with the cylinder. This hammer is connected with its axis by means 
of three metallic bars. The striking face of the hammer is of sufficient 
width to cover the head of the registering point, and its length is a little 
less than the length of the cylinder, so that it can in no case drive the 
registering point against the metallic heads which form the ends of the 
cylinder. 

The movements of the hammer are controlled by two springs. One 
of these is connected with the lever, on the upper end of the hammer 
axis, and operates to cause the hammer to strike the registering p<»nt 
when released after being drawn back. The other spring serves as a 
recoil, to keep the hammer from contact with the head of the register- 
ing point while the hammer is at rest A square-headed screw (with a 
key), is used for adjusting the position of this spring. 

In connection with the hammer should be a point (which should oot 
be placed so as to interfere with the registering point), for producing a 
row of marks along one margin of the fillet of paper on which the 
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record is madei which row of marks will serve as a point of reference^ 
or a substitute for zero, when it is desired to ascertain the numerical 
values of the records on the fillet of paper. The apparatus from which 
this description is made has a device of this kind, which marks the 
paper at intervals of one hour. But as this is merely a matter of con- 
venience for temperature instead of time, a simple steel point ^ of an 
inch to the lefl of the face of the hammer, and fastened to one of the 
three supports of the hammer will answer the purpose, — if it be so 
pliced as to make a mark on the paper every time a record is made by 
the hammer impinging on the registering point. 

The axis of the hammer, like that of the cushioned cylinder, should 
be restrained from all vertical movements, as any movements of this 
kind would make the reference marks irregular and likely to prove to 
be a source of errors. 

The cylinder being filled with paper, i^ introduced within the rear 
compartment of the case. In this position, it is held by a brtxke 
which supports on the extremity of a lever at each end of its axis, 
a smaller cylinder, over which the paper passes in its progress to 
the cushioned cylinder. This small cylinder' being at the extremity of 
a lever serves to release the brake which holds the first cylinder when 
the paper is drawn tightly. Afler passing from left to right around the 
front of the cushioned cylinder, the paper is embraced between this 
and a feed cylinder of small dimensions behind the cushioned cylinder 
(or in front, if we look at it in the rear compartment of the case), and 
afler passing partly around the feed cylinder, the paper is finally wound 
up by the receiving cylinder. A connection is made between the 
lever on the upper end of the hammer axis, and a rock shaft placed 
horizontally above the ends of the train of cylinders in the rear 
compartment of the case. This rock shaft serves as a means of 
communication between a train of clock-work and the hammer : it also 
serves to actuate the feed cylinder by direct movement on a ratchet 
wheel, and also serves to actuate the receiving cylinder, by releasing a 
spring which imparts the necessary and variable movement of the 
receiving cylinder. The clock work connected with this apparatus is 
in two parts. In the upper part of the rear compartment above the 
rock shad and cylinders, is a train of wheels actuated by a powerful 
spring, the whole duty of which is to move the hammer, and feed the 
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paper through the cylinders. No ordinary clock movement has soffi- 
dent strength in its striking spring to he available as a combined time 
and recording clock, without requiring too frequent winding of the re- 
cording spring. 

In the lower portion of the rear compartment, is a small marine clock 
with jewelled movement to insure action in cold weather. On the shaft 
of the minute hand of this clock is secured a disk or wheel, having four 
pins of unequal length projecting parallel with the shaft. These pins 
act upon a lever which detaches the movement of the recording dock 
every quarter hour. A wire connects the two clocks through this 
lever. This lever is so formed that it may be made to come in contact 
with one, two, or all of the four pins which act upon it, the pins being 
made of different lengths for this purpose. 

More attention has been bestowed upon the thermometrical portion 
of this apparatus, than upon the other portions (both in construction 
and in description), for the reason that that portion is the essential part 
without which the other parts are useless. The thermometer and the 
method by which its indications are recorded, do not seem to be sus- 
ceptible of much improvement beyond what is here said of it. The ac- 
cessories of the recording apparatus, the manner of arranging the cyl- 
inders and clock work, are susceptible of various modifications, some of 
which would no doubt much improve the apparatus and render it more 
easy of control than as described. Yet, in its present form, no very 
great difficulties are experienced in its use. 

The construction of the apparatus being sufficiently explained to ren- 
der it easy for any one of sufficient mechanical ability to reproduce a 
similar apparatus, a few words in regard to its operation, and other 
matters incidental thereto, seem necessary. 

The apparatus as described, presents a range of about 98^ for the 
movement of the registering point against the paper on which the rec- 
ord is made. The limited range of record, renders it necessary that 
two adjustments should be made yearly, where the extreme range of 
temperature exceeds 98^. In this latitude, one adjustment is necessary 
in spring for maximum temperature, another in fall for minimum 
temperature. 

The apparatus is adjusted as follows : 
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Firstly, the registeriDg point is adjusted by turning the thumbscrew 
at the bottom of the bundle of rods, until the registering point corre- 
sponds to the middle of the cushioned cylinder — or opposite the central 
bar that connects the hammer and its axis. Secondly, the index is 
adjusted to point perpendicularly upwards — the registering point being 
undisturbed. A few observations extended daily for a week, by com- 
parison with a reliable mercurial thermometer, will give an approxi- 
mate scale for the diagram of temperature made by the registering point 
After a few correctioos by successive comparisons, the scale for the dia- 
gram may be made free from errors of appreciable magnitude ; after 
which the scale for the dial may be plotted ftrom the scale used for the 
record, allowance being made for the difference of the radius of the 
pulley and the radius of the circle on which the scale is to be plotted on 
the diaL 

The operations of the apparatus from which this paper is drawn, are 
not so perfect as they should be for several reasons. The mechanical 
conveniences at hand during the process of its construction were of a 
very rude character, the various parts not being so fi^ee from friction 
and other sources of error of a mechanical nature as they could be ; 
among the most serious causes of error, is the want of agate bearings 
for the knife edges ; the rude form of the links of the chains connecting 
the levers and pulley ; and a considerable amount of friction between the 
rods and the disks through which they were intended to pass freely. 
Much of this friction, no doubt, could be lessened by reducing the num- 
ber of points of contact to a minimum, and having the surfaces in con- 
tact burnished. Yet, with all these sources of error, the greatest en*or 
involved in the record of the apparatus ft*om these causes, is scarcely 
more than ^^. The fortunate necessity for a weighted lever to oonne<^t 
the time and recording clocks, remedies nearly all the errors of friction 
for about 1^ seconds before each record is made, a weight of half an 
ounce falls about one inch, producing vibration, which is sufficient to 
establish an equilibrium. This vibration is assisted somewhat by the 
further vibrations produced by the wheels of the recording clock whUe 
the hammer is being raised to make a record. 

In the operation of this apparatus, constant discrepancies have been 
observed between the indications of the apparatus and a mercurial ther- 
mometer hung by the side of the rods. These discrepancies were for 
a long time the fruitful source of perplexity — and sometimes were suf- 

3* 
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ficient to lead to a suspicion that the niechanical principles involved in 
the apparatus had not been carefully and judiciously applied. It was 
afterwards discovered that these discrepancies were greatest under cir- 
camstances extremely favorable to radiation, and less so under drcum- 
Btances where radiation was guarded against. A careful study of the 
phenomena of radiation in connection with the two instruments, eventu- 
ally gave the most satisfactory assurance that radiation was the cause 
of the discrepancies. 

Without going into all the details from which this conclusion was de- 
rived, a simple statement of some of the phenomena will be given. 

In the early part of the day, while the temperature is rising, the mer- 
cury will precede the apparatus from j^ to -^^ degree — according to 
the exposure to radiation. If very great exposure be made, the dis- 
crepancy may reach two or three degrees. 

In the latter part of the day, when the temperature is declining, sim- 
ilar discrepancies appear, but the mercury in this case, is generally not 
80 much in advance of the apparatus. 

The expUination for these discrepancies seems to be this : In morn- 
ing the sun's rays heat the objects on the earth's surface somewhat 
above the general temperature of the atmosphere. The black metallic 
frame in which the mercurial thermometer is encased, by proximity 
renders the mercury more sensitive to radiation than the polished rods 
of the apparatus are. And in evening, objects on the earth's surface 
loose this heat by radiation in space, and have a lowfer temperature 
than the air. The mercury being more sensitive (through its surround- 
ings), to radiation, is in this case also more affected than the rods by 
the temperature of surrounding objects. But on the other hand, the 
^ds are more sensitive to changes by contact than the mercurial ther- 
mometer, the smaller size of the rods, compared with the bulb of the 
thermometer, affording an explanation. The extreme sensitiveness of 
the rods to change of temperature by contact is exhibited in the fact, 
that on taking the apparatus and thermometer from a warm room (80^) 
in March to the cold air, (10^) the rods indicated a change of 20^ in the 
same period that the mercury passed over 10°. The low temperatures 
of the atmosphere prevented further observations to ascertain how far 
this ratio was maintained. 

In the description of the apparatus, the following remarks that 
would have been appropriate in their proper places were omitted. 
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The arrangements of the levers and pullej were selected as here de- 
scribed for the purpose of making a dial available, so that it would be at 
any time easj to compare the apparatus with a mercurial thermometer. 
The record as it appears on the cylinders is inverted ; this is not a seri- 
ous inconvenience, as persons who are accustomed to the use of invert- 
ing microscopes and telescopes can easily understand. The frame and 
arms connected with the registering point, should be no heavier than is 
necessary to keep the several parts concerned in its niovements, in 
proper tension. Probably twenty grains is heavy enough for this purpose. 

Without agate hearings for the knife edges of the levers, the zero 
point will gradually creep up the scale, and require careful watching 
and corrections. The amount of change on brass bearings is not fiir 
from one degree in about three months. 



Method of using Apparatus. 

In order to secure uniform results with this apparatus, and to avoid 
accumulations of errors in its record, it is necessary that it should be 
placed in a suitable station where the air circulates freely, while the 
rays of the sun are excluded, and all radiation intercepted as much as 
possible. The apparatus should be placed on a revolving pedestal, 
easily accessible, and never disturbed by any unnecessary vibrations or 
concussions. It should be so placed to afford easy access to either side 
of the apparatus without producing unnecessary disturbance. 

It will be necessary to compare the working of the apparatus as often 
as is convenient, with a reliable mercurial thermometer. It may be 
done in this way. Before opening the front of the case, tap the case 
gently to be sure that the registering point is not in error from fric- 
tion ; then by pressing the hammer against the registering point with 
the finger, it may be held while the mercurial thermometer is inspected. 
The readings of the mercurial thermometer and dial may then be 
marked upon the record, and a line ruled along the hammer to point to 
the particular mark to which the readings refer. If discrepancies ap- 
pear, the mean of an equal number of plus and minus mercurial differ- 
ences will probably give the true data from which the readings of the 
apparatus should be corrected if any correction is to be made. 
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It will be found that in clondj dajs in which there is no sunshine, 
and very little wind or a steady wind, there will be no sensible discrep- 
ancies. The discrepancies will also vanish near the points of highest 
and lowest temperature each day. 

.... The record may be cut out of the apparatus daily for correc- 
tion, copying and reduction. For this purpose it will be necessaiy to 
wind up a portion of the fillet on the receiving cylinder, until the record 
is all past the feed cylinder. The paper may now be cut, and unwound 
from the receiving cylinder and removed. The receiving cylinder 
should have a considerable piece of firm paper wound on it, for the pur- 
pose of pinning the unrecorded fillet to it The unrecorded portion of 
the paper may now be wound back upon the first cylinder until only a 
slight fillet is left around the feed cylinder. This operation does not 
necessarily interfere with the record unless it be undertaken and not 
completed at a moment when a record is to be made. 

The fillet of paper on which the record is made by the apparatus, 
should be soft and unglazed ; if sti^, it is liable to embrace the register- 
ing point so firmly as to prevent the spring connected with it from de- 
taching it from the paper. 

The treatment of the record when taken from the apparatus is as 
follows : A fine line is extended over the sheet, along the marginal row 
of punctures used for a point of reference. This line is a guide by 
means of which the paper is pinned over a suitable fillet of firm glazed 
paper on a board used for the purpose, and the holes in the record 
made by the registering point are transferred to the paper below the 
record by means of a suitable pointed instrument ; and afterwards each 
tenth degree of the scale of temperature mxy be plotted in its proper po- 
sition in horizontal parallel lines, and the different hours of the record in- 
dicated by figures. A simple brass scale may be laid on the paper, from 
which the numerical values of the records may be read, even to tenths 
of a degree if necessary. A vernier for this purpose may at first be 
necessary, but a few trials are sufilcient to enable one to dispense 
with the vernier. 

It seems probable that the greatest value of this apparatus is in the 
assistance it will render in determining much more correctly, many 
meteorological questions, than can be conveniently accomplished by any 
methods heretofore employed. 
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For the purpose of determining mean temperature, records at inter- 
vals of one hour are frequent enough, as there is not much to be gained 
by computations from more frequent records ; and if twenty-four rec- 
ords daily are to be used for computing mean temperature, they should 
be taken not at the beginning or end of each hour, but at the middle of 
each hour. It is not necessary, however, to discuss the reasons for this 
selection at this tune. 

Although records at intervals of one hour are sufficient for determin- 
ing mean temperature, it is desirable to have more numerous records^ 
for the reason that in this latitude in certain seasons of the year, the 
variations of temperature follow each other in numerous waves, baring 
periods of an hour or less — and elevations and depressions of several 
degrees. From such a record means of intervals of one hour would be 
likely to involve errors which could be corrected by taking readings 
from a line representing a mean of the waves of temperature. 
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1. On the Optical Phenomena presented by the *' Silver- 
Spring " IN Marion County, Florida. By Prof. John Lb 
Conte, of Columbia, South Carolina. 

The extraordinary reports in relation to the optical phenomena said 
to be exhibited by the ^^ Silver-Spring," induced me — under the invita- 
tion and guidance of my hospitable friend, Col. A. 6. Summer of Flor- 
ida — to visit it during the month of December, 1859. And although 
— as might have been anticipated — many reputed facts vanished un- 
der the scrutiny of careful observation, and all of its so-called mysteri" 
ous and wonderful phenomena are obviously referable to well-known 
physical principles ; yet, it may be interesting to give a brief statement 
of them, and to indicate how they may be referred to the recognized 
laws of physics. 

This remarkable '* Spring" is situated near the centre of Marion 
county in the State of Florida, in latitude (about) 29^ 15' north, and 
longitude 82^ S!(/ west It is about five miles north-east of Ocala — 
the county seat — and nearly in the axis of the peninsula, being 
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equally distant from the Atlantic and Gulf coasts. Its waters are dis- 
charged bj a short stream bearing the same name (namely, *^ Silver- 
Spring"), which, running about six miles, unites with the Ochlawaha 
(or Ocklawaha), a tributary of the St Johns river. The stream takes 
its origin in a deep pool or head-hasin, which is called par exceUeneej 
the "Silver-Spring." This basin is nearly circular in shape, about 
200 feet in diameter, and is surrounded by hills covered with Live- 
oaks, Magnolias, Bays, and other gigantic evergreens. The amount of 
water discharged is so large, that small steamers and barges readily 
navigate the Silver-Spring up to the pool or head-springy where there 
is a landing for the shipment of cotton, sugar, and other produce. 
These steamers and barges make regular trips between the Silver- 
Spring and Palatka on the St Johns. The boatmen informed me, 
that at its junction with the Ochlawaha, more than one half of the water 
is contributed by the Silver-Spring stream. 

By means of a canoe, I explored the stream for about two miles 
from its head : its breadth varied from forty-five to 100 feet, and its 
depth, in the shallowest parts, from ten to fifteen feet : — the smallest 
depth measured was not less than ten feet in the channel of the stream. 
The average velocity of the stream was rudely estimated at about two 
miles per hour : at the narrowest portions it was estimated at three 
miles per hour. According to the reports of the residents, the level of 
the water of the Spring at the landing, is subject to comparatively 
slight fluctuations ; scarcely ever exceeding two feet. These fluctua- 
tions of level seem to be connected with the season of rains. The com- 
mencement of the rainy season varies from the 15lh of June to 15th 
of July. The waters of the Spring begin to rise about the middle of 
the season of summer rains, and attain their maximum height about its 
termination. 

The maximum depth of water in the pool or basin constituting the 
head of the Silver-Spring, M^as found to be not more than thirty-six feet 
in the deepest crevice from which the water boils up: — the general 
depth in the central and deep parts of the basin was found to be about 
thirty feet. These measurements were made by means of a heavy 
plumb-bob attached to a twine, to which bits of white cloth were se- 
cured at intervals of six feet or one fathom. As the plumb^bob as well 
as each piece of white cloth indicating the fathoms, could be distinctly 
seen down to the very bottom^ the measurements were of the most satis- 
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factory character. Inasmuch as accurate quantitative determinations^ 
however easily applied, are seldom resorted to by the unscientific, we 
need not be surprised, that the real depth of this Spring falls very far 
short of its reputed depth/ In South Carolina, the reported depth was 
variously stated at from 120 to 150 feet ; on the confines of Florida 
it was reduced to eighty feet ; while the smallest estimate in the vi- 
cinity of the Spring was forty-five feet I This affords an illustration of 
the general law, that the accuracy of popular statements bears an in- 
verse proportion to the distance from the point of observation ; proba- 
bly — like all emanations from centres — following the law of inverse 
squares ! 

Doubtless, the greater portion of the water which flows in the Silver- 
Spring river is furnished by this principal or head-spring ; but there 
are several tributary springs of a similar character along the course of 
the stream, which contribute more or less to the volume of water. 
These usually occur in deep basins, or coves (as they are called), in re- 
cesses along the margin of the stream. The depth of one of these coves 
situated about 200 yards below the head-spring, was found to be thirty- 
two feet in the crevice in the limestone bottom from which the water 
boiled : — in other deep parts of the basin, the depth was about twenty- 
four feet. The '^ Bone- Yard ** (so called from the fact, that several 
specimens of the bones of the Mastodon have been taken from it), situ- 
ated two miles below the head-spring, is a cove or basin of a similar 
character. Its maximum depth was found to be twenty-six feet. 

The most remarkable and interesting phenomenon presented by this 
Spring, is the truly extraordinary transparency of the water ; in this 
respect surpassing any thing which can be imagined. All of the in- 
trinsic beauties which invest it, as well as the wonderful optical proper- 
ties which popular reports have ascribed to its waters, are directly or 
indirectly referable to their almost perfect diaphaniety. On a clear and 
calm day, after the sun has attained sufficient altitude, — the view from 
the side of a small boat floating on the surface of the water near the 
centre of the head-spring^ is beautiful beyond description, and well cal- 
culated to produce a powerful impression upon the imagination. Eveiy 
feature and configuration of the bottom of this gigantic basin is as dis- 
tinctly visible as if the water was removed, and the atmosphere substi- 
tuted in its place ! 
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A larger portion of the bottom of this pool is covered with a 
luxuriant growth of species of water-grass, and gigantic moss-like 
plants, which attain a height of three or four feet.* The latter are 
found in the deepest parts of the basin. Without doubt, the develop- 
ment of 60 vigorous a vegetation at such depths, is owing to the 
large amount of solar light which penetrates these waters. Some parts 
are devoid of vegetation ; these are composed of limestone rock and 
sand, and present a white appearance. The water boils up from fis- 
sures in the limestone; these crevices being filled with sand and 
comminuted limestone, indicate the ascending currents of water by the 
local milk-like appearance produced by the agitation of their contents. 
At these points, my plumb-bob was observed to bury itself in the mass 
of boiling sand. 

My observations were made about noon, on the 17th, and again on 
the 20th of December, 1859. The sunlight illuminated the sides and 
bottom of this remarkable pool as brilliantly as if nothing obstructed 
the light. The shadows of our little boat, — of our overhanging heads 
and hats, — of projecting crags and logs, — of the surrounding forest, — 
and of the vegetation at the bottom, — were distinctly and sharply de- 
fined ; while the constant waving of the slender and delicate moss-like 
plants, by means of the currents created by the boiling up of the water, 

— and the swimming of numerous ^A above this miniature subaqueous 
forest^ — imparted a living reaUiy to the scene which never can be for- 
gotten. And if we add to this picture — already sufiiciently striking 

— that objects beneath the surface of the water, when viewed obliquelj, 
were fringed with the prismatic hueSy — we shall cease to be surprised 
at the mysterious phenomena with which vivid imaginations have in- 
vested this enchanting Spring, as well as at the inaccuracies which have 
been perpetuated in relation to the wonderful properties of its waters. 
On a bright day, the beholder seems to be looking down from some 



* Subsequent examination of specimens of these plants, indicates that both of 
them belong to the Cryptogams : the former, seems to be a species of the genoa 
Isbetes, of the Order Ilydropteridea, of the Family of Lycopodiacea, The latter, 
seems to belong to the genus Fontinalis, of the Division Pleurocarpi, of the great 
Family of Mttsci, or Mosses. 
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lofty airy paint on a trulj/atry scene in the immense basin beneath 
him : — a scene whose beautj and magical effect are vastly enhanced by 
the chromatic tints with which it is invested I 

Popular opinion has ascribed to these waters remarkable magnifying 
power. In confirmation of this, it is commonly reported, that the 
" New York Herald " can he read at the bottom of the deepest parts o 
the pool. It is almost needless to state, — that the waters do not poS' 
sess this magnifying power, — that it is only the large capitals^ consti- 
tuting the grand heading of this paper, which can be read at the bot- 
tom, — and that the extraordinary transparency of the water is abun- 
dantly sufficient to account for all analogous facts. A variety of care- 
ful experiments were made with the view of testing this point, by se- 
curing printed cards to a brick which was attached to my fathoming 
line, and observing at what depth the words could be read when 
viewed vertical^. Of course, when looked at oUiqtulyy the letters were 
distorted and colored by refraction. Numerous comparative experi- 
ments were likewise executed, in relation to the distances at which the 
same cards could be read in the air. The results of these experiments 
may be announced in a few words, namely : — That, when the letters 
are of considerable size, — say a quarter of an inch or more in length, — > 
on a clear and calm day^ they could be read at about as great a vertical 
distance beneath the surface of the water as they could be in the atmoS' 
phere ! • Subsequently my young friend Dr. Henry M. Holmes of " Sil- 
ver-Spring," at my suggestion, repeated several of these experiments, 
with identical results. In some instances, the cards were read by those 
who were ignorant of the words on them. The experiments were 
made on various sized letters, and at depths varying from six to thirty 
feet The comparative experiments in reading the cards in air and 
water, serve to convey a more distinct idea of the wonderful diaphc^ 
noius properties of the latter, than any verbal description. 

Some persons have thought, that there was something mysterious in 
the fact, that objects beneath the surface of the water, when viewed 
obliquely, are fringed with prismatic hues. It is unnecessary to re* 
mind the physicist, that such a phenomenon is a direct physical con- 
sequence of the laws of dispersion of light by refraction. Observa* 

* When the letters are ttrcfngly iTiuminaied, the reading distance is limited by the 
smaUnns of their images on the retina, and not by the anunaU ofUght reaching the eye, 
VOL. xrv. 4 
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tion proved, that white objects on a dark ground were fringed with Uue 
at the top and orange and red at the bottom ; while the color of the 
fringing was reversed for dark objects on a white ground. This is ex- 
actly in accordance with recognized optical principles.* In the pres- 
ent case, the phenomenon is remarkably striking and conspicuous^ 
probably, from two causes: First, because the extraordinary transpar- 
ency of the water rendered subaqueous objects kighig luminous ; «ec- 
ondlg, because the gigantic evergreens which fringed the pool, cot off 
most of the surface reflection, which would otherwise have impaired the 
vistud impression produced by the more feeble refracted and dispersed 
light proceeding from the objects. The shadow of the surrounding for- 
est formed a dark background^ analogous to the black cloud on which 
a rainbow is projected. 

One of the optical phenomena presented by this Spring, at first sight, 
seemed somewhat paradoxical : Namely, that when looking vertically, 
the depth of the pool appeared to be exaggerated. This fact was most 
strikingly and satisfactorily illustrated by the exaggeration of the appar- 
ent intervals between the bits of white cloth indicating the fathoms on 
my sounding cord. The fathoms near the surface underwent a some- 
what greater apparent elongation than those nearer the bottom: — but 
aU were exaggerated in length. This phenomenon was observed in all 
places and under all circumstances ; was the same whether viewed with 
one or both eyes ; and presented the same appearance to citt observers. 
The apparent length of the upper fathom was variously estimated at 
from eight to ten feet. In ordinary cases of consideriable obliquity of 
view, it is a familiar fact, that the water appears to be shallower than it 
really is, in consequence of the seeming elevation of the bottom pro- 
duced by refraction. Hence the foregoing facts in relation to the 
apparent exaggeration of depth, may seem to be inconsistent with re- 
cognized optical principles. But a little leQectioa will show, that when 
the eye is placed near the surface of the pool, and when we are looking 
down in a direction approaching the vertical, — the only method of es- 
timating its depth is by means of the apparent intervals between inter- 
vening objects : — as for example, the intervals between the branches of 
a sunken tree and the bottom, or between the fish and the subaqueous 

• FtdiB, H«ncherB Treatise on Light. Encye. Metrop., Ardde 429. 
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vegetation over vrhich they are swimming, or between the fathom 
marks on the sounding line. Now, from well-known optical principles, 
it is obvious, that the apparent distance between two objects thus 
viewed, depends, cceteris parihusj on the angle which they subtend at 
the eye. Thus, for instance, the apparent length of a fathom on the 
sounding cord, will depend on the magnitude of the angle made by the 
rays of light proceeding from the upper and lower bits of cloth which 
mark the interval And inasmuch as the rays of light proceeding from 
the fathom mark which is nearer the surface make a greater cmgle of 
incidence than those coming from the mark next below, they must un- 
dergo a ^rreo^cr degree of refraction: — hence the apparent angle sub- 
tended at the eye by the interval in question (one fathom) is greater 
than if it had been viewed in the air ; and, therefore, the length seems 
to be exaggerated. 

Moreover, as the apparent length of a fathom depends on the angle 
subtended at the eye, while the degree of refraction is proportional to 
the sine of the angle of incidence ; it follows, that when the incidence is 
large, the augmentation of the angle by refraction will be relatively 
greater than when it is $mall. Hence, the uppermost fathom should 
appear to be longer than those below it : — this is precisely in con- 
formity with observation. Our estimate of the decrease of these ap- 
parent lengths with increasing depth, is doubtless vastly exaggerated 
by the greater fore-shortening of the lower fathoms. But as all of 
them seem to be more or less elongated, and as the whole depth is thus, 
as it were, measured by exaggerated linear units, it must appear to be 
greater than the reality. 

The general result to which these optical laws lead is, that to an ob- 
server sitting in a boat in the middle of the pool, the bottom near the 
margin (if visible at all, for if the angle of incidence is too large, the 
light from subaqueous objects will be totally reflected^ and will not 
emerge from the water), will seem to be elevated and the water appear 
to be shallower than it really is ; while the bottom near the centre will 
seem to be depressed, and the apparent depth will be exaggerated. In 
other words, near the margin, the depth is measured by the angle made 
at the eye by the rays proceeding from submerged objects with those 
coming from the shore line : — this angle being diminished by the re- 
fraction of the former, the depth is apparently diminished. On the 
other hand, when looking directly downwards, we measure the depth 
by the angle made at the eye by rays emanating from upper and lower 
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submerged objects: — tbis angle being augmented bj tbe greater rt- 
fraction of the former, the depth is exaggerated. These physical prin- 
ciples thus afford a satisfactory explanation of the peculiar inverted beH- 
ehaped appearance^ which the basin presents to an observer floating 
near its centre. Thej likewise explain a £Eu;t which strikes the most 
casual observer ; namely, that when the boat is advanced towards an 
apparently shallow spot situated at some distance, it appears to grow 
deeper as we approach the point in question. 

The foregoing is a general physical explanation of the phenomenon 
of exaggeration of depth ; but the principles of optics furnish us with 
the means of submitting it to a numerical test, and, consequently, of 

showing its adequacy to account 
for all of the facts observed. 
Following out the graphic meth" 
ody the validity of the physical 
explanation was at first tested 
by construction. While this 
illustrated in a very satisfactoiy 
manner, the accuracy of the 
deductions which had been 
drawn, and their entire ade- 
guacy to explain all of the ob- 
served phenomena, — at the 
same time, it enabled me to 
throw the question into a more 
severe mathematical form. As- 
suming the surface of the water 
to be a horizontal plancy and 
the sounding-line to be vertical^ 
the application of a few ele- 
mentary principles of geometry 
and trigonometry will enable 
us to submit this question to 
this more rigorous test In 
the annexed figure let MA N' 
be the surface of the water, ffA FF' F'y etc, the sounding-line, E the 
position of the eye receiving light from the successive fathom-marks 
FF' F\ etc., assuming no water to be interposed, and E' the position 
of the eye receiving the corresponding rays after rejraction by the 
water. 
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Let J^/S = HA = h (the height of E above the water). 
^ AF =zd (the depth of Jirst fathom-mark). 

u j^j^f^ pf F'\ etc, = Z (the length of the fathoms). 
" 1, »', f etc = the angles of incidence. 

" r, /, /', etc = the corresponding angles of refraction. 

^ n = the index of refraction for water = 1.336. 

From the law of refraction, 

sin r = n X siQ h <^^ sin / ^ n X sin *^ etc 

By geometry the angle subtended at JE by FF' = i — t' : Also, the 
angle at JE' after refraction = r — /. Then by trigonometry we 
have 

/+/ + ^ .;cot>--= .? + f+^^.,etc 



cot»^ = 



(A -4- rf) X tan % 



(A + c?) X tan»' 



Hence it follows, that when h, d, Z, and i are given, t', {' i" etc may be 
calculated, and consequently r,/,/', /"etc may be found: — hence 
the angle subtended 2X Ehy FF (= % — t'), as well as that sub- 
tended at E' (=^ r — /) by the same fathom-interval become known. 
For the sake of illustrating this point, let us assume, 

A=2feet; rf=lfoot; Z=6feet; andt = 30^ 

Then, by the application of the formula above given, and the geometri- 
cal and physical principles already indicated, the following table has 
been calculated for the foregoing condition of things : 



= 30° 






Angle subtended at B, 



»» fy// jy/// z=.V* V H'f 



Angle inbtended at E'. 



Ratio 
otE 
tol/ 



ByFFf =270 17' W 
^^ pffff _- 60 48'84'' 



6:8.67 
6:8.00 
6:8.06 



jy// ft/// =- 10 2y 66^' j6:8.08 



From this it follows that, under the assumed conditions, the Jirst 
fathom-interval is exaggerated in the ratio of 6 to 8.57, whilst the 
others are elongated in a ratio but slightly greater than six to eight. 
If the angle • (other conditions being the same) had been taken hrger 
the excess of the elongation of the Jirst fathom-interval would have been 
greater. It thus appears, that all of the fathom-intervals are exagger- 
ated nearly in the ratio of six to eight or three to four : that is, sen- 

4* 
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9iUy in the ratio of the siiMS of the angles of incidence and refraction 
for water. This is only true for small angles of incidence, that is, for 
the lower fathoms ; for, in that case, the sines may be considered pro- 
portional to the angles. Hence, the reid depth of this pool being thirty- 
six feet, the apparent depth, assumed to be measured bj the exagger- 
ated linear units, would be fortj-eight feet. 

Strictly speaking, the rays of light emanating from the successiTe 
fathom-marks, which, under the assumption of no refraction, reach a 
given point £, would not aU, after refraction, arrive at the same given 
point E': — so that, in strictness, the rajs of light which enter the eye 
at JE'y axe, for the lower fathoms^ — those which emerge from the water 
under very slightly different angles of incidence from those given in the 
table. But it is obvious, that its influence on the deduced ratio of the 
angles subtended at E and E'^ would be wholly inappreciable. 

The rigorous solution of this problem in physical optics, involves the 
application of that refined physico-mathematical reasoning, which has 
not ceased to exercise the ingenuity of some of the greatest geometers, 
since the period (in 1682), when Tschimhausen first called attention to 
caustic curves. Sir John Herschel shows, that when the refracting sur- 
face is plane, and the refraction is made from a denser into a rarer 
medium, as from water into air, '^ the diacaustic curve is the evohUe of 
an ellipse, whose major axis is normal to the plane refracting surface ; 
the radiant point being in the lower focus, while the centre of the ellipse 
is at the intersection of the major axis with the refracting surface." * 
In this case, the radiant is a fixed point, and the eye is supposed to 
view it under all possible angles of emergence. The case which we 
have under consideration is not materially different. Here the eye is 
fixedy and the radiant consists of a series of equi^distant points descend" 
ing vertically. In fact, MM. Engel and Schellbach, in their admirar 
ble Darstdlendende Optik, have presented us with beautiful grc^hie 
representations of the exaggeration and distortion which submerged ob- 
jects undeiigo when viewed by the eye placed in various positions above 
the plane refracting medium, f 

• Vide, Herschers Treatise on Light. Encyc, Mebvp, Artide SSS, F^, 39. 

t Vide, Dantelleodende Optik, von F. Engel nnd E. Schellbach. — J5a^ 1856. 
Taf 1. Fig. 3 et 4. Under snch conditions, submerged objects not onlj appear to 
be exaggerated in length, but they seem to be more or less curved in the common 
plane of inddenoe and xefmction ; the centre of concaTitJ" being towards the ob- 
server. 
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Thus, it has been flhown, that all of the beautiful optical phenomena 
presented bj the Silver-Spring are referable to recognized physical 
principles, and that all of the so-called mysteries of its waters vanish 
under the scrutiny of exact science. It only remains to indicate the 
causes which produce the extraordinary transparency of the water, 
upon which, as has been shown, the entire group of phenomena is de- 
pendent It may be remarked, that these diaphanous properties are 
perennial : — they are not in the slightest degree impaired by season, — 
by rfiin or drought The comparatively slight fluctuations in the level 
of the water in the pool, to which allusion has been made, produced by 
the rainy season, are not (according to the uniform testimony of the 
residents), accompanied by any turbidity of its waters. At first sight, 
it may seem paradoxical that, in a country where semi-tropical summer 
rains occur, the waters of this stream should not be rendered turbid by 
the surface drainage. But the whole mystery vanishes when we con- 
sider the peculiar character of the drainage of this section of Florida. 
Although the surface of the country is quite undulating or roiling, •— 
the summits of many of the hills being thirty or forty feet above the 
adjacent depressions ; yet, there is no surface drainage ; there is not a 
brooky rivulet, branch, or swamp to be found in this part of the State. 
The whole drainage is subterranean : even the water which falls near 
the banks of the Silver-Spring passes out by underground channels. 
There is not the slightest doubt, but that all of the rain water which 
falls on a large hydrographic basin passes down by subterraneous 
channels, and boils up and finds an outlet to the St. John's river, by 
means of the Silver-Spring and the smaller tributaty springs which 
occur in the coves along the margin of the stream. The whole surface 
of the country in the vicinity of Ocala, and probably over the area of 
a circle of fifteen miles radius, whose centre is the Silver-spring, is 
thickly dotted with lime-sinks, which are the points at which the sur- 
face water finds entrance to the subterranean passages. New sinks are 
constantly occurring at the present time. The beautiful miniature 
lakes, whose crystal waters are so much admired, which occur in this 
portion of Florida, are, doubtless, nothing more than extensive lime^ 
sinks of more ancient date. 

Under this aspect of the subject, it is obvious that all the water 
which falls on this hydrographic basin boils up in the Silver-Spring 
after having been strained, jiUered, and decolorized in its passage through 
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beds of sand and tortuous underground channels. It thus comes oat 
not only entirely free from all mechanically suspended materials, but 
completely destitute of every trace of organic coloring matter. Accord- 
ing to the barge-men, there is a striking contrast between the color and 
transparency of the waters of the Silver-Spring and the Ochlawaha at 
their junction. The latter river drains a country whose drainage is 
not entirely subterraneous. In addition to the above-mentioned condi- 
tions, which persistently secure the waters of this spring from the ad- 
mixture of insoluble materials as well as from the discoloration of 
organic matters, it seems highly probable, that the minute quantity of 
lime which they hold in solution may exercise some influence in aug- 
menting their transparency ; for they appear to be more diaphanous than 
absolutely pure water. There is nothing a priori improbable in the 
idea, that the optical as well as the other physical properties of the 
liquid, are altered by the materials held in solution. - This is an inter- 
esting physico-chemical question, which demands experimental investi- 
gation. It is proper to add, that the waters of the Silver-Spring are 
not charged with more than the ordinary amount of carbonic acid ; they 
deposit 720 carbonate of lime ; so that the amount of lime held in solu- 
tion must be comparatively small. 

Doubtless there are many other springs to be found in the State of 
Florida, whose waters possess the same optical properties as those of 
the Silver-Spring ; although, perhaps, their transparency may be leas 
perfect. The '' Suwanee Spring'' is said to exhibit analogous phe- 
nomena ; and the famous fountain situated ten miles from Tallahassee, 
called Wachulla or Wakulla, is represented as '^ an immense limestone 
basin, as yet unfathomed in the centre, with waters as transparent as 
crystal." Inasmuch as I have not examined these springs, I am unable 
to say, how far the optical phenomena which they present, may be 
identical with those exhibited by that which is the subject of this 
paper. 

As in some measure related to the peculiar system of subterranean 
drainage above indicated, it may not be deemed inappropriate to con- 
clude this communication with a few general remarks in relation to 
the physical causes which have produced the several qualities of sur- 
face soil, which are found in the neighborhood of Ocala and the Silver- 
Spring. The whole of this portion of the peninsula appears to have 
been originally composed of a mixture of sand and shell-limestone. 
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probably of the Eocene period. The lime-rock comes to the surface, 
almost everywhere : in some cases, it is composed of nearly pure car- 
bonate of lime ; in others, silicification, to a greater or less extent, has 
taken place by the displacement of the lime by silex. But in all cases 
where its structure can be made out, it consists of a mass of conglom- 
erated shells* The three grades of fertility at present existing in the 
soil of this portion of the State, appear to be owing to the greater or 
less facility with which the lime has been removed from it by aqueous 
agencies. In the fertile and densely wooded Hammock lands, large 
quantities of soft carbonate of lime may be found at or near the sur- 
face. In the Mulatto pine lands, which are now extensively cultivated 
in cotton and Indian com, the amount of surface carbonate is less abun- 
dant, a considerable portion of it having been either silicified or re- 
moved from the soil. While in the sterile sandy pine lands, no lime is 
to be found ; the whole of the rock having disappeared, excepting that 
which has undergone silicification. In the Hammocks, an impervious 
suhstraitum of clay has prevented the lime from being carried off by 
the percolation of meteoric waters ; in the Mulatto lands (so called be- 
cause there is a subsoil of yellow clay), the substratum is less imper- 
vious, 80 that a large portion of the lime has been removed; while in 
the pine barrens, in consequence of the absence of a clay subsoil, the 
whole of the surface lime has been carried off by subterranean drain- 
age, leaving no surface rocks excepting those which are silicified. Ac- 
cording to this view, the light pine lands which now produce cotton 
with so little labor, are in the transition stage to the pine barrens, and 
cannot be expected to retain their fertility for any great length of time, 
unless lime is restored to them by the cultivator. The hestvily tim- 
bered Hammocks require a greater outlay to bring them under cul- 
tivation, but they constitute the most valuable and enduring lands in 
this section of the State. Unfortunately they embrace but a com- 
paratively limited area, when contrasted with the space occupied by 
the pine lands. The outlines of the Hammocks, as indicated by the 
dense growth of gigantic evergreens, are singularly and sharply defined, 
either dotting or intersecting the desolate pine-barrens; sometimes 
forming narrow sinuous verdant bands extending ten or fifleen miles, 
which, at a distance, remind one of extensive swamps, or the bottom 
lands bordering a stream. 



46 A. HATHEHATICS AND FJZTSICS. 



2. On the Sudden Disappearance of the Iob of oub North- 
ern Lakes in the Spring. By Gen. J. G. Totten, Chief 

Engineer of the U. S. Army. 

* 

Some forty years ago, being at Plattsburg, New York, on the mar- 
gin of Lake Champlain, and not far from the widest part of the lake, I 
had a favorable opportunity for studying the phenomenon of the sud- 
den disappearance of the great body of the ice covering that lake ; a 
body of very many square miles in extent, and not less than one foot 
in thickness. 

This striking phenomenon has oflen given rise to wild speculation 
and conjecture in the unscientific world. It was the subject of discus- 
sion in this Association ; and it is under the impression, perhaps erro- 
neous, that full information was not then and has not been since pre- 
sented, that I now venture to produce the following substance of my 
observations, though made chiefly at that distant day. 

At the close of a day in April, I think, the whole surface of Lake 
Champlain, with the exception of a very few ''air holes" or unfrozen 
portions of at most a few acres each, and a strip of water next the 
shores, was one great expanse of ice, of a thickness not less than 
twelve inches ; and apparently, looking merely at the surface, as solid 
as ever. 

During the following night, there arose a strong wind from the 
southward, blowing, therefore, nearly lengthwise of the lake ; and when 
I looked out the following morning, not a particle of ice was to be seen ; 
but instead thereof, a lively play of water sparkling with " while caps*" 
There was, as determined by immediate and close examination, abso- 
lutely no ice upon the water nor in the water ; not a fragment, large or 
small. Upon the lee shore of a bay close at hand, there was, however, 
a fringe of broken ice that had been washed up by the waves ; and in 
the condition of these few remains of the night's work was to be found, 
it seemed to me, a satisfactory explanation of a change certainly very 
surprising from its suddenness and completeness ; and deemed indeed 
even by high authority in philosophy, so much to partake of the mar- 
vellous as to require a higher solution than philosophy was able, con- 
sistently to supply. 
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I Tenture, in offering this mite to the collections of the Association, 
to give the explanation then suggested by my examinations ; because, 
as intimated before, I am not aware that such particulars as I have to 
describe, have been connectedly given, although they must have been 
often exhibited to individual observation, and as often, one would think, 
have led to an explanation simple, satisfactory and clearly within the 
domain of the consistent philosophy that nature loves. 

The fringe of broken ice was found to consist wholly of prismatic 
fragments ; all of which, excepting a few broken transversely, were of 
uniform length, namely a length exactly equal to the thickness of the 
mass of ice of which they had been portions.* 

The sides of these fragments were irregular as to number and form ; 
the breadth or thickness varying sometimes in the same prism from 
three quarters of an inch to an inch and a half — perhaps a little more 
or less ; but notwithstanding such variations, there was a general agree- 
ment as to shape and size ; and the general result in all was a decidedly 
prismatic form. There were, moreover, sometimes to be seen upon 
their irregular sides, portions of some length that were probably true 
crystalline faces. Excepting a small portion at one end of each that 
was evidently made up of half-melted atid refrozen snow, they were 
very transparent, with few air-bubbles, and as sonorous, nearly, as 
similar prisms of glass. 

Examinations then and afterward of boating freshwater ice (which 
alone I have observed), have shown that the natural effect of the ad- 
vancing year is gradually to transform ice, solid and apparently homo- 
geneous, into an aggregation of these irregular prismatic crystals, stand- 
ing in vertical juxtaposition, having few surfaces of contact, but touch- 

* The following description and remarks, so far as relates to details, belongs to the 
particalar case then, so much to my astonishment and surprise, presented to notice. I 
have observed since, that the drcamstances under which bodies of freshwater ice 
are formed, are not always favorable to so clear an exhibition of the law of struc- 
ture. The vertical arrangement of elongated solid pieces, although sometimes quite 
irregular as to shape and dimensions, and interrupted, and lapping in their length, 
is however, I belicTe, always to be seen in blocks of ice in which solution is some- 
what advanced, and to bo detected by cleavage, unless, indeed, the process of con* 
gelation has been disturbed by forces too great for an observance of the law of 
crystallization. Such deviations do not however, it is thought, touch the general 
conclusions to which our case seems to lead us. 
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ing rather at points and on edges, and kept in place at last, merely hj 
want of room to fall asunder. Until this change has somewhat ad- 
vanced, the cohesive strength of ice of considerable thickness is still 
adequate to sustain the weight and shock of the travel it had borne 
during the winter ; but becoming less and less coherent, by the growing 
isolation of the prisms, or more and more " rotten," as the phrase is, 
though retaining nearly all its thickness, the ice will at last scarcely 
support a small weight, though bearing upon a large surface — the foot 
of a man easily breaking through, and very slight resistance being 
made to tha point of a cane. 

Before describing the peculiar preliminary process by which ice is 
brought to this condition, it may be well to follow out the steps by 
which the striking phenomenon of the sudden disappearance, by melt- 
ing, of vast fields of thick ice is accomplished. The final process of 
dissolution will vary somewhat with circumstances; but in all cases 
where the ice has been, so to speak, duly prepared, nothing is wanting 
to a quick disappearance, but a disruption of the few remaining sur- 
faces of contact in the prismatic assemblage. If this be not abruptly 
effected by undulations in the field of ice, solution will continue to erode 
the sides of the constituent prisms, until, being no longer in contact, or 
adequately sustained laterally, each will drop into the position in the 
water below, required by the place of its own centre of gravity — that 
is to say, it will lie upon its side, exposing large surfaces to the action 
of the warm water. It is easy to see that this will occur, if not simul- 
taneously, with all the prisms in rapid succession. 

But the eflTects, in the instance that first drew my attention, were 
the results of violence ; causing the greater surprise, by suddenly bring- 
ing about what, according to the caUn process above indicated, would 
have been postponed for many days. 

The condition of the ice on Lake Champlain on the day in April 
before mentioned, being a mere aggregation of vertical prismatic ciys- 
tals, cohering only at points and along edges and narrow surfaces, as 
shown next morning by fragments on the shore, it could oppose little 
resistance to waves raised by the wind of the following night. These 
acting first upon the edges of the '* air-holes," and open spaces between 
the ice and the shore, caused slight undulations there in the ice itself, 
and the consequent falling apart of the feebly cohering prisms; so that' 
the water surfaces being thereby enlarged, a short time only was neces^ 
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sarj for the waves, increasiDg in altitude and force with the enlarging 
water surfaces, to send their undulations far before them under the 
yielding ice. The prisms falling upon their sides, all more or less 
immersed, affording now large surfaces to the solvent action of water 
above the melting temperature, and stirred about by the waves, were 
quickly dissolved. It is not easy to say in how short a time, under 
such circumstances, the great transformation would be wrought, but 
there ought to be no surprise that all was accomplished in the eight or 
ten hours of a spring night 

The preliminary process, before alluded to, of the conversion of 
masses of solid ice into an aggregation of vertical prisms by partial 
solution, must be dependent on the fact that the law of ciystallization 
in that substance yields prisms with vertical axes. That this is the 
law is indicated by cleavage as well as by solution ; for while this is 
easy and free in planes perpendicular to the upper surface, it is said, 
truly I believe, not to be attainable in directions oblique or parallel 
thereto. Beyond this general fact of a vertical arrangement of prisms, 
it is not necessary to go for elucidation of our subject, even if I could 
give minute specifications as to the crystallization of ice. I am not 
aware, indeed, that this question in crystallography, interesting as it 
might prove, has been very thoroughly investigated ; but however that 
may be, we have demonstrated to us by the natural process of solu- 
tion, that ice formed as in the case before us, however solid and homo- 
geneous in appearance, contains a hidden array of crystalline prisms. 
So much is certain ; and this, for the present, is enough on that point 
May we not further assume, that in the process of arrangement about 
the axes of these prisms, as they are projected downwards into the 
freezing water, the particles of water, in obeying the law of crystalliza- 
tion, crowd out, radially, the portions of air that would otherwise inter- 
fere with their just disposition as ice ; and that, at last, this air, by 
accumulation in spaces between the prisms, suffices to prevent further 
obedience to the symmetrical principle, causing, in these spaces, a con- 
fused and porous ciystallization peculiarly favorable to the action of a 
solvent? Whether this be the precise cause or not, a condition favor- 
able to dissolution certainly exists in the irregular spaces between the 
prisms, as we see by the particulars before given. 

The process of Daniel for bringing to view the innate crystallization 
of apparently amorphous masses — namely, submitting them to the 

TOL. XIV. 6 



50 A. ICATHEMATICS AND PHYSICS. 

action of a solution of the same substance, so nearlj saturated as to 
exercise solvent power only when the solidification is imperfect — 
seems to afford a dose analogy to that followed by nature, in preparing 
ice for quick dissolution. 

The natural action seems to be this. The early rains of spring 
throw upon the surface, and, by the tributaries, pour under the fields of 
ice, frequent supplies of water, at a temperature melting even at firsts 
and rising with the progress of the year. This warm underiying 
water, acting chiefly on the porous spaces between the prisms, dissolves 
them out to the full depth to which the ice is immersed, and perhaps 
still further, by capillary action. At the same time, the spongy ice, 
formed upon the upper surface by melted and refrozen snow, affords, 
by melting, warm water, to affect similarly the porous spaces between 
the tops of the prisms. 

In this way, during the considerable period intervening between the 
first spring rains and the final breaking up of the lake, the solid ice is 
transformed into the condition necessary to a sudden dissolution. 

We may assume, indeed, that the solvent action begins on the lower 
surface, about the time the accretion, by further freezing, ceases ; that 
it proceeds very slowly, so long as the temperature of the water re- 
mains below that of the greatest density, and of course that it goes on 
more rapidly as the water is lifted above that temperature by the grow- 
ing warmth of spring. 

I regret that I did not take the temperature of the water in the 
morning after the disappearance of the ice ; but on this point I may 
add to what is said above, that the spring was then weU forward ; ally 
or nearly all, the snow had melted from the fields ; the early rains and 
melted snows had for some time been raising the lake, which was then 
nearly at its greatest height It was this rise in the lake that had 
spread a margin of water thcU did not Jreeze between the great field of 
ioe and the shore. The inference from all the circumstances, that the 
temperature of the water at the time of disruption, and for some time 
previous, was not only above the melting point, but also above that of 
iwaximum density, seems to me unavoidable. 

I may hiere be permitted to mention another matter connected witfi 
fields of lake-ice that has excited some wonder ; namely, the move- 
ment towards the shore of boulders, sometimes quite large. The pro- 
cess which must have occurred to intelligent observers, and has prob- 
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ably been heretofore explained, seems to be this : after the rising of 
the water has supplied an unfrozen margin, a strong wind will some- 
times cause the whole field to move until its edge meets adequate re- 
sistance upon the shore, all boulders encountered in the way, being 
pushed before it, into an array upon the shore that accurately marks 
the extent of the inyasion. These lines of boulders are to be seen in 
many places, registering accurately, not the work of the preceding 
year, but the greatest effort of any previous year. 

The circumstances of some deep-lying boulders may be such that 
they are rarely embraced, acted on, or moved; and such may long, by 
fits, continue to be erratic, though finally to join the general shore 
parade. 

The force of these moving fields is very great, even when the decom- 
posing process is much advanced. I have seen a timber wharf, which 
was about thirty feet square, ten or fourteen feet high, and filled solidly 
with earth and stones, shoved along the bottom about thirty feet, by a 
single continuous push of a great field of ice just ready to be resolved 
into its prismatic elements. The motion was very slow ; only to be 
seen, indeed, by close observation ; while the ice was broken at the 
edge of contact into innumerable fragments, piling themselves, with a 
tinkling sound, high upon the wharf and following ice. 

A simple and effectual guard against this danger to wharf or pier 
has been found to be, the giving to the exposed face a certain talus 
(about one of base to two of height, I think), which turns the ice up- 
wards to the top of the structure, where its fragments accumulatOi 
sometimes to a considerable height. This easy diversion of so great a 
force is due, of course, to the peculiar crystalline structure of the ice, 
the degree to which it has been decomposed, and the consequent brit- 
tleness against a transverse strain. Should there be an unfrozen mar- 
gin to permit this motion of large fields of ice, before the solution of 
continuity in the crystalline arrangement, nothing but the solid earth 
could stand before it 

These remarks have extended further than I intended ; and I fear 
much beyond what was required by the state of knowledge on the sub- 
ject. But I venture, nevertheless, in reference to the first portion of 
these remarks, one further observation, namely, that nature seems to 
have especially provided, in the structure of these wintry coverings of 
water surfaces, for their prompt removal, when their existence would 
retard the advancing year. 
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3. Intyestigation of the Problem regarding the Existence 
OF A Lunar Tidal Wave on the great Freshwatiib 
Lakes of North America. By Brevet Lieat-Colonel Jam£8 
D. Graham^ Major of Topographical Engineers, U. S. Army. 

Much has heen written, at various periods, on the fluctuations in the 
elevation of the surface waters of the great freshwater lakes of North 
America. 

Valuable and interesting memoirs have appeared from time to time 
in the American Journal of Science and Arts, published monthly at New 
Haven, Connecticut, within the last thirty years, on this subject, \sTitten 
by the late Brevet Brigadier-General Henry Whiting, of the U. S. 
Army, when a captain, by Major Lachlan, Charles Whittlesey, Esq., and 
others. The observations contained in their memoirs have, however, 
been directed chiefly to investigations of the extent of the secular and 
annual variations in elevation of the surfaces of these lakes. 

The learned Jesuit fathers of the time of Marquette, a period near 
two centuries ago, and at later periods the Baron de la Hontan, Char- 
levois. Carver, and others, noticed in their writings the changes of 
elevation, and some peculiar fluctuations which take place on these 
inland seas. In the speculations indulged in by some of these writers 
a slight lunar tide is sometimes suspected, then again such an influence 
on the swelling and receding waters is doubted, and their disturbance is 
attributed to the varying courses and forces of the winds. 

But we have nowhere seen that any systematic course of observation 
was ever instituted and carried on by these early explorers, or by any 
of their successors who have mentioned the subject, giving the tidal 
readings at small enough intervals of time apart, and of long enough 
duration, to develop the problem of a diurnal lunar tidal wave on these 
lakes* The general idea has undoubtedly been that no such lunar in- 
fluence was here perceptible. 

Li April, 1854, 1 was stationed at Chicago by the orders of the Gov- 
ernment, and charged with the direction of the harbor improvements 
on Lake Michigan. In the latter part of August of that year, I caused 
to be erected at the east or lakeward extremity of the North harix)r 
pier^ a permanent tide-gauge for the purpose of making daily observa- 
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lions of the relative heights and fluctuations of the surface of this lake. 
The position thus chosen for the observations projects into the lake, en* 
tirely beyond the mouth of the Chicago River, and altogether out of 
the reach of any influence from the river current, upon the fluctuations 
of the tide-gauge. It was the fluctuations of the lake surface alone, 
that could affect the readings of the tide-gauge. 

On the first day of September, 1854, a course of observations was 
commenced on this tide-gauge, and continued at least once a day, until 
the 31st day of December, inclusive, 1858. During each of the first 
three winters a portion of the daily observations was lost, owing to the 
tide-gauge being frozen fast in its box, but they constituted only a small 
number in proportion to that embraced in the series. During the sub-» 
sequent winters artificial means were resorted to, to prevent this freez- 
ing. These observaUons will be found printed, in my public reports, 
in the following Congressional documents, namely, Senate (executive) 
Doc. No. 16 of the 34th Congress, 3d session, at pp. 85 to 98, and 321 
to 328 ; Senate (executive) Doc. No. 42 of the 35th Congress, 1st ses* 
sion, pp. 24 to 35 ; Vol. 2, Part 2 (marked on the back " Part 3 ") of 
documents accompanying the President's Message to the 35th Con- 
gress, at the commencement of its 2d session, pp. 1105 and 1106. 

These observations were instituted chiefly for the purpose of ascer- 
taining with accuracy the amount of the annual and also of the secular 
yariation in the elevation of the lake surface, with a view to regulating 
the heights of break-waters and piers to be erected for the protection of 
vessels, and for improving the lake harbors. 

A close inspection of these observations, and a comparison of the 
observed elevation of the lake surface at the periods when the moon 
was on the meridian and in the horizon, showed clearly that there was 
a diflerence at these two periods amounting, in the average of all the 
tides, to as much as fifleen hundredths (.15) of a foot, and in the 
average of the spring tides or those which occurred at the conjunction 
and opposition of the moon with the sun, to at least as much as two 
tenths (.2) of a foot 

This result was announced in my annual report to the Topographi- 
cal Bureau of the War Department on the 15th of November, 1858, 
and also before the Chicago Historical Society at its annual meetings 
on the 30th of that month. See pp. 1107 and 1108 of Vol. 2, Part 2, 
of Docs, sent with the President's message to the S5th Congress at the 

5* 
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commencement of its 2d session, December, 1858 ; also, p. 39, YoL 8 
of the Historical Magazine, published monthly at New York, hj C. B. 
Bichardson. 

For the purpose of a more complete investigation of this problem, 
we instituted a new series of observations upon the tide-gauge already 
alluded to. It was commenced on the Ist day of January, 1859, and 
continued to the 1st of July, inclusive, of that year. It embraces 
nine thousand one hundred and eighty-four (9,184) observations 
made at consecutive intervals of half an hour apart, as a general rule, 
and sometimes at intervals of fifteen (15) minutes apart, and contin- 
ued uninterruptedly, both day and night, with the exception of two 
hundred and thirty-two (232) observations which were lost, chiefly in 
the stormy portions of the months of Februaiy and March. But for 
these unavoidable losses, the series would have consisted of 9,416 ob- 
servations. 

We have prepared a paper showing all these observations in full 
detail, with remarks upon the winds, the weather, &c, for future pub- 
lication, with the view of exhibiting every vicissitude, favorable and 
unfavorable, which attended the series. The half hour (and in four in- 
stances the quarter hour), coordinates of elevation of the sur&oe of 
Lake Michigan, reckoned from the period (before and afler) of the 
moon's meridian transit, resulting from a mean of all the observations 
appertaining to each coordinate, and expressed in decimals (thou- 
sandths) of a United States foot, were found to be as follows, namely: -— 
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Tablb I. — Showing the half-houblt (and, at two fbbiods, thb quar- 
teb-houblt), Coordinates of Altitude of the Ayebage Semi, 
DiuBNAL Lunar Tidal Watb at Chicago, on Lake Michigan, db- 
RivBD from thb wholb 9,184 Obbbryations xadb from Januart 1, 

TO JULT 1, 1859. 
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5 00 
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Moon in the meridian. 
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Lonar high-water. 
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6 00 


0.030 


Slightly discrepant ow- 
ing to a preponderance of 
unfavorable winds at this 
particular period. 






6 30 


0.012 








6 50 


0.000 


Lnnar low-water. 



The accompanying profile, marked Fig. 1, shows the character of a 
semi-diurnal tidal wave passing through our tide-gauge, as deduced 
from the whole series of observations made, and projected from the 
foregoing table. They both show an average difference between the 
elevation of the surface of this lake, at lunar low and lunar high water, 
embracing every vicissitude, whether favorable or unfavorable, of 
winds, weather, &&, during the six months' observations, of one bun- 
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dred and forty-six thousandths (^liG) of a foot Thej also show that 
the average time of lunar high-water at Chicago is thirty minutes after 
the time of the moon's meridian transit. 

On examining with scrutiny all the observations embraced in the 
series, we find one hundred and eighty-nine (189) which we think may 
be fairly rejected, because influenced in an extraordinary degree hj 
unfavorable winds. This would reduce the number of observations 
remaining in the series to 8,995. From these, the half-hour and qnar* 
ter-hour coordinates of altitude are deduced as follows, namely : — 



Table II. — Showing the half-hourlt (and at two pebiods the quar- 
tsh-houblt) Coordinates of Altitude of the Averaoe Semi- 
diurnal Lunar Tidal Wave at ChicaoOi on Lake Michigan, ab de- 
bited FROM 8,995 OUT OF THE 9,184 OBSERVATIONS MADE BETWEEN 

January 1 and July 1, 1859. 
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The accompanTing profile, marked Fig. 2, shows the character of 
the semi-diurnal wave projected from this modified general result. It 
shows a difierence of elevation, between the high and low-water co- 
ordinates, of one hundred and fifly-three thousandths (.153) of a foot, 
and it still indicates thirty minutes after the time of the moon's merid- 
ian passage, or southing, as the average period of lunar high-water. 

From one day before, to two days after the periods of the moon's 
conjunction with, and opposition to the sun, the observations upon the 
tide-gauge were made continuously, both day and night, at regular in- 
tervals of fifteen (15) minutes of time apart. This was done with an 
especial view to obtain, as near as possible, the time of lunar high« 
water compared with that of the moon's meridian passage or southing, 
at the period of spring tides ; and also with a desire to ascertain, with 
all practicable accuracy, the measure of the quarter-hourly coordinates 
of altitude of the lake surface when under the maximum influence pro- 
duced by the combined attraction of the sun and moon, acting in the 
same or in nearly the same direction. 

For this object a separate tabulation was made, of all the quarter- 
hourly observations which occurred from about twelve (12) hours be- 
fore, to twenty-four (24) hours after the periods of the conjunction and 
opposition of the sun and moon, from the new moon of January 3, to 
the new moon of June 1,* inclusive, excepting, however, the observa- 
tions which occurred about the period of the new moon of April 3, a 
portion of those which occurred at the period of the full moon of 
March, and portions of those which occurred at the periods of the new 
and full moon of May. Those which were excluded were too violently 
affected by the stormy and unfavorable winds which then prevailed, to 
make it proper to admit them in making up the mean altitudes of the 
coordinates for the spring tides. The number of unobjectionable obser- 
vations that were collated for this purpose amounted, however, to 1,200, 
so that each quarter-hour coordinate of altitude for the spring tides is 
deduced from a mean of twenty-four (24) actual observations, as shown 
* in the following Table No. 3 : 



* Unfortanately the winds were so boisteroas, and caused so great perturbations 
of the lake surface, at the periods of fall moon of June 15, and the new moon of 
Jane 30, that we were obliged to reject the observations made at those periods, in 
making up the codrdinates of altitude for the spring tides. J. D. G. 
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Table III. —- Showing the quartbb-houslt Coordinates of Altitux>b 
OF THE Ateeaob Sbmi-diubnal Lukab Spbino Tidal Wave at Chi- 
cago, ON Lake Michigan, as debited fbom 1,200 Obsebtatiokb xai>b 

BETWEEN JaNUABT 3 AND JCNB 2, 1859, AT AND NEAB THB 8ETEKAI 

PERIODS OF New and Full Moon. 





Mttan SoUr in- 
terral of time be- 
fore or after the 
Moon's meridian 
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Uoa of the lake 
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mals of a foot. 
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1 45 
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00 
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Moon in the meridiAn. 
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Tablb m. — continued. Showing the quartbb-hourlt CooRDnrATBS ov 
Altitude of thb ▲tbraoe Semi-Diurnal Lunar Spring Tidal Ways 
AT Chicago, on Lake Michigan, as derived from 1,200 Obserta- 

TIONB MADE BETWEEN JaNUART 3 AND JuNF 2 1859, AT AND NEAR THE 
8ETERAL PERIODS OF NeW AND FuLL MoON 
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Low-water of Lunar spring tide. 
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The lunar semi-diurnal spring tide, averaged in the above Table HI 
is graphicallj shown in the accompanying profile marked Fig. 3. The 
coordinates of altitude are given for eveiy fifteen minutes of elapsed 
time, from low to high-water, and thence to the succeeding low-water. 
The difference of elevation of the lake surface, between the periods of 
lunar low and lunar high-water at the mean spring tides is here shown 
to be two hundred and fifty-four thousandths (.254) of a foot, and the 
time of high-water at the full and change of the moon is shown to 
be thirty (30) minutes after the time of the moon's meridian transit. 

We, therefore, in accordance with custom in like cases, indicate as 
the estaUishment for the port of Chicago, 

J Foot, 0* 30. 

Although this knowledge may be of but small practical advantage to 
navigators, yet it may serve as a memorandum of a physical phenome- 
non whose existence has generally heretofore been either denied or 
doubted. 

We think it probable that, if the effect of unfavorable winds and all 
other extraneous forces which produce irregular oscillations in the ele- 
vation of the lake surface could be fully eliminated, a semi-diurnal lunar 
spring tide would be shown of as much as one third of a foot for the 
periods of highest tides. 

The time of low-water and the relative times of duration of the flood 
and ebb tides are given only approximately. The extreme rise of the 
tide being so little, the precise time of the change from ebb to flood, 
and hence the duration of the flow of each, can only be accuratelj de- 
termined by numerous observations at short intervals, say three to five 
minutes of time apart, from about an hour before to an hour after the 
actual time of low-water. 

In conclusion, we offer the above observations as solving the prob- 
lem in question, and as proving the existence of a semi-diurnal lunar 
tidal wave on Lake Michigan, and consequently on the other great 
freshwater lakes of North America, whose coordinate of altitude is, at 
its summit, as much as .15 to .25 {^ to ^q) of a foot, United Statea' 
measure. 
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the softness of the bottom ; the observations by means of a pulley tide- 
gauge may be defective on accoant of a slow drift of the vessel and 
motion of the ice-field, also in consequence of a lengthening or shorteD- 
ing of the rope, or it may be in consequence of the slipping of the rope 
or chain on the circumference of the wheeL This latter defect or one 
similar in its nature has been the source of much annoyance, and re- 
quiring the application of corrections to the readings in order to refer 
all observations to the same zero of the scale. There is another defect 
to which pulley-gauges are subject, it is the gradual rise of the vessel, 
in consequence of the consumption of provisions and fuel. 

The pulley-gauge is described by Dr. Kane as follows : " Our tide 
register was on board the vessel, a simple pulley-gauge, managed with 
a wheel and dependent on her rise and fall for its rotation ; one end of 
the cord represented a fixed point by being anchored to the bottom, the 
free end with an attached weight rose and fell with the brig and re- 
corded its motion on the grooved circumference of a wheel. This 
method was liable to objections, but it was connected by daily sound- 
ings. The movement of oar vessel partook of those of the floe in 
which she was imbedded." 

In order to ascertain the nature of the tides as well as the degree of 
reliability of the different observations, the readings were roughly plotted 
for a first examination, the following series were found suitable for dis- 
cussion : — 

Series I. from Oct 10, 1853, to Dec. 28, 1853. This series with 
the exception of three days is complete ; the observations in the latter 
part of December appear to be of a less reliable character. The 
hourly readings are superseded by half-hourly readings on Not. 8tfa, 
and continue so to the end of the series. AAer Nov. 28, corrective 
soundings were taken at noon each day. In order to make use ot 
these soundings, the mean depths of the water at the anchorage was 
deduced from them, as follows : — 

Deoenmber, 1853, mean depth from 31 soundings, 43.8 feet. 

44.9 " 

" 44.3 " 

" 43.3 " 

" 41.8 " 

" 43.5 " 

Mean depths of the water in winter of 1853--54, 43-6 " 
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For series I. (and all subsequent series), the reading 7.0 was adopted 
to express the plane of reference ; the zero of the scale was therefore at 
an elevation of 36.6 feet from the bottom. The readings of the pulley- 
gauge are expressed in feet, as I have been informed by Mr. Sontag. 

Series II. from January 28, 1854, to April 7, 1854. The double 
half-hourly readings of the pulley-gauge are continued. The series is 
complete, with the exception of ten days which had to be omitted. 
The corrective soundings at noon are continued with occasional omis- 
sions. 

Series III. from April 20, 1854, to August 3, 1854. The double 
half-hourly readings of the pulley-gauge continue to May 5, after which 
date single half-hourly readings are recorded. The corrective sound- 
ings cease on May 12. Interruptions occur between May 4 and 7, on 
July 8, between July 15 and 18, and between July 20 and 28. On 
the 8th of August the brig was released from her ice-cradle and rose 
2^ feet ; on the 23d, the brig was in but 7 feet of water and grounded. 

Series IV. from Sept. 7, 1854, to Oct. 22, 1854. The hourly 
observations assume again a more regular appearance; they were 
taken with the sounding-line and are expressed in fathoms and feet. 
Afler Oct 21 the irregularities increase, and it was thought best to 
take no further notice of the remaining observations ; the strength of 
the party no longer permitted due attention to the tidal phenomena. 
It was apparent that before any reduction of the tides could be made 
they had first to be reduced to the same zero or mean level of the sea. 
To effect this in a manner apparently best suiting the case and other- 
wise unobjectionable, two curved lines were traced on the diagrams, 
the upper one enveloping the highest high-water ordinate of each day, 
the other enveloping the lowest low-water of each day ; in tracing these 
lines some allowance was made, when necessary, for disturbing causes, 
so as to obtain tolerably smooth curves, cases of abrupt changes were, 
of course, treated accordingly. A line equidistant from these curves 
was assumed as representing the mean level, and when straightened 
out was adopted as axis of reference. The correction to refer each 
observation to this plane of reference was taken from the diagram. 
This method of treatment excludes necessarily (in series I. II. III.) 
any discussion of the mean level of the sea, the oscillations of which 
have been found small at other places. As an illustration of this the 
tides at Singapore might be referred to ; the Rev. W. Whewell (7th 
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series of researches on the tides, Phil. Trans. Roy. Society, p. I. 1837), 
finds for these tides, that if a line is drawn representing the meaa 
height (midway between high and low-water each day), it is verj- 
nearly constant, though the successive low-waters often diflTer by six 
feet (on account of the diurnal inequality), the mean level only osdl- 
lates through a few inches. The use of the soundings intended to fur- 
nish corrections to the readings of the pulley-gauge is in many cases a 
doubtful remedy on account of the continued change in the zero of tht 
wheel's index ; in fact, to be effective, it would have required numerous 
soundings at other hours than noon. As it is, a combination of the 
corrections by enveloping curves and soundings had to be adopted 
For intermediate hours the corrections as given by the curves serve as 
guides. The reduction to the same level affects the times generallj 
very little. 

The following note of February 3, 1854, is instructive in regard to 
the effect of the tides on the ice floe. '^ The enormous elevation of the 
land ice by the tides has raised a barrier of broken tables seventy-two 
feet wide and twenty feet high between the brig and islands. This 
action has caused a recession of the main floe ; our vessel has changed 
her position twenty feet within the last two spring tides, and the haw- 
ser connected with Butler Island parted with the strain." After giving 
the tidal record in a form ready for use, the observations were properly 
tabulated for the purpose of deducing empirically their laws, and for 
comparison with theory. In the IT. S. Coast Survey two blank forms 
are in use for this tabulation ; they have in their essential part been 
adopted as suitable for the Van Rensselaer Harbor tides, and were 
used with permission of the Superintendent of the Survey. These 
forms, however, strictly apply only for such cases where the diurnal 
inequality is comparatively small, or is at least not approximating to 
the production of single day tides. In order to show, at a glance, the 
general character of the tides, they were replotted, when it appeared 
that the diurnal inequality is not of so great an amount as to render the 
use of the ordinary method of reduction unaviulable ; on the other hand, 
this inequality is sufficiently large to require a special discussion for 
time and height. The extension of the series of observations over a whole 
year must be considered as a fortunate circumstance, since the results 
thereby gain considerably in accuracy over others deduced only from a 
few disconnected lunations. The first form of tabulation contains, in 
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column 1, the date, civil reckoning ; column 2 gives the apparent time 
of the moon's superior and inferior transit over the Van Rensselaer 
Harbor meridian, obtained hj adding nine minutes to the time of 
transit at Greenwich, allowing for a difference of longitude of 4^- 43 J°* 
W. Mean time was converted into apparent time bj applying the 
equation of time. The time of the lower transit was obtained by tak- 
ing the mean of the times of the preceding and following upper transit ; 
columns 3 and 4 contain the apparent time of high and low-water 
taken from the record ; columns 5 and 6 exhibit the luni-tidal interval 
between the time of high and low-water, and the time of the transit of 
the moon immediately preceding, though in some cases owing to the 
half-monthly inequality, it may be the second preceding, the establish- 
ment being about 11| hours. This transit of compaiison has been called 
transit JP by Sir John Lubbock. The next columns, 7 and 8, give the 
height of high and low-water extracted from the abstract The remain- 
ing columns contain the moon's parallax and declination at noon. The 
second form of reduction is especially arranged to obtain the estab- 
lishment and the half-monthly inequality in time and height ; that the 
inequality in time and height should also be made out from the low- 
waters is especially important for stations where either the observa- 
tions are of short extent or else where difficulties tend to render the 
observations less accurate. 

In order to obtain well-balanced mean values in Table No. 2, Peirce's 
criterion was applied. Of 982 observations of the interval, only seven- 
teen values were rejected. 

Half-monthly inequality. — For the comparison of the observed 
with the theoretical values, it is customary to use the forms of the 
equilibrium theory or of the wave theory, certain modifications being 
necessary to produce an agreement between these theories and obser- 
vation. According to the equilibrium theory, and allowing for the 
retroposition of the theoretical tide as required by the wave theory, the 
inequality in time can be expressed by the formula, 

tan 2 ((?>- ;iO=- A8in2(y-«) 
^ ^ A» + Acos2 (9 — a)' 

• Phil. Trans. Roy. Soc. 1834, Part I. On the empirical laws of the tides in the 
port of London, with some reflections on the theory, by the Rev. W. Whewell. See 
also Trans, of 1836, Part L, on the Liverpool tides, by the same author. 

6* 
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where h and h}- are the elevations of the aqueous spheroid dae to the 
sun and moon respectively, g) the angular distance of the moon fron 
the sun, d^ the angular distance of the pole of the spheroid (or of high- 
water), from the moon's place. The pole of this spheroid follows the 
moon at a certain distance, the mean value X^ of which is known as the 
" mean establishment," and which corresponds to a distance of the sub 
and moon of g? — a instead of g). This inequality goes through its 
period twice in each month. The observations of 480 high-waters and 
485 low-waters furnished the following tables of the luni-tidal intervals ; 
they a^e given separate for upper and lower transit of the moon, but in 
this abstract I present only the mean values : — 



From obserred hlgh-waten. 




From obserred low-wateis. 


Apparent 






Apparent 






Solar tim« 


LuDi-tldal 


No. of 




Solar time 


Lnni-tldal 


No. of 


of Moon's 


Interval. 


Obaerratlons. 




of Moon's 


Interral. 


ObserrationB. 


transit. 








transit. 






h. m. 


h. m. 




b.m. 


h. m. 




29 


11 37 


43 




30 


17 60 


45 


1 30 


11 12 


43 




1 31 


17 48 


42 


2 30 


11 01 


40 




2 SO 


17 29 


41 


3 30 


10 47 


45 




3 30 


16 59 


46 


4 30 


10 56 


41 




4 30 


16 49 


39 


5 29 


10 58 


86 




6 29 


17 00 


33 


6 32 


11 59 


36 




6 30 


17 40 


37 


7 30 


12 27 


38 




7 29 


18 17 


40 


8 30 


12 43 


45 




8 30 


18 31 


48 


9 31 


12 22 


36 




9 31 


18 43 


35 


10 30 


12 21 


39 




10 30 


18 19 


42 


11 30 


12 16 


38 




11 30 


18 11 


37 


Mean and 






Mean and 






sum, 


11 43.3 


480 




sum, 


17 48.0 


485 



The mean establishment resulting from the observed times of 480 
high-waters is therefore ll**- 43.8™- referred to the moon's transit im- 
mediately preceding and corresponding to a mean horizontal parallax 
of the moon and sun, and to the moon's (and sun's) declination of 15^. 
This mean interval from the high-waters corresponds to the moon's 
transit of 0**- 21°^- nearly, indicating that the epoch would have come 
out 0*»- 0™- if transit E (of Lubbock's) had been used. The difference 
between the establishment of the high low-water is 6**- 04.7™-. We find 
from the observed high-waters a= 0*^- 21™- and from the low-waters 0*^- 
50™-. Range of the inequality from the high-waters 1^- 51™-» and from 
the low- waters 1^- 54™*, hence the expression for the half-monthly in- 
equality becomes : 
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From high-waters : 
tan 2 ((?! — 175^ 49'.5) 

From low-waters : 

tan 2 (^1— 267^00') = 



0.4649 sin 2 (y — 5^ 15^ 
1 + 0.4649 cos 2 (g) — 5^ 15')* 



0.4771 sin 2 (gj — 12^300 



1 ^ 0.4771 cos 2{(p — 12^ 3^) 



The observed and computed values agree very closely, as may be 
seen from the diagram. From the times we have the mean value 

h S^ 

of the wave theory, and 

{A) of Lubbock's = 0.471 and a = O^^- 36»- 

Hence the age of the tide or the time requisite for the moon to increase 
its right ascension by that amount becomes eighteen hours. 

SxHf monthly inequality in height. The theoretical expression is, 

y = V^ [Ai « + A« + 2 Ai A cos 2 (g) — «) ] . 

The following table contains the results of the observations from the 
high and low-waters (the mean from the moon's superior and inferior 
transit) : 



Moon's tnsoM. 


Height of 
high-water. 


Number. 


Height of 
low-water. 


Number. 


b. m. 

30 

1 30 

2 30 

3 30 

4 30 

5 30 

6 SO 

7 80 

8 30 

9 30 

10 30 

11 30 


7eet. 

12.1 

11.9 

11.8 

11.0 

10..5 

9.5 

9.1 

9.3 

9.8 

10.4 

11.0 

11.6 


45 
43 
39 
47 
42 
38 
39 
39 
47 
38 
40 
38 


Feet 

1.4 
1.2 
1.7 
2.0 
3.2 
4.1 
4.4 
4.7 
3.8 
2.8 
1.9 
1.4 


45 
43 
40 
46 
41 
35 
40 
42 
49 
36 
42 
38 


Mean and 
sum, 


10.67 


495 


27.2 


497 
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The inequality is closelj represented by the expression. 

For high-water, y = 10.6 + 1.5 cos 2 (qp — 15*^), 
« low « y* = 2.7 — 1.7 cos 2 (g) — 15°), 

the maximum difference between observed and computed valoes is 0.4 
feet ; the small differences are shown by the diagram. From the in- 
equalities in height 

|or|,= 0.867. 

The ratio of the solar to the lunar tide is deduced with more exactness 
from the inequality in times, and the above value is certainly greater 
than the average value deduced at more southern stations. One of the 
reasons why this ratio is not constant, and which probably applies here, 
may be stated as depending on the approach of the tides by opposite 
channels ; in which case this ratio depends on the length of the chan- 
nels ; this view would require a polar tide to enter through Kennedy 
Channel to combine with the principal tide which passes up Baffin^s 
Bay and enters by Smith's Straits. According to the equilibrium 
theory, there should be no tide at the pole, and but a small tide in lat. 
78^, but it is the tide wave propagated from the Atlantic which may 
be felt in this part of the polar regions. With regard to a, its value as 
found by the heights is more accurate than that found by the times, 
the latter gave a = 9®, the former 15** ; adopting 15°, the retard 
or age of the tide becomes 1^ day, by which interval the spring and 
neap-tides follow syzygies and quadratures respectively. The time 
value of a is here smaller than the height value, which is more in 
accordance with theory than the opposite. We have also, mean rise 
and fall of tides at Van Rensselaer Harbor 7.9 feet, range of spring 
tides 11.1 feet, and range of neap-tides 4.7 feet. These numbers are 
averages from the discussion of 9^ lunations, and obtain without regard 
to the diurnal inequality. 

Effect of the changes in the moon's decUnation and parallax an the 
half'monihhf inequality in time. To ascertain the effect due to the 
changes in the moon's declination and parallax, an anterior value, cor- 
responding to a certain age of the tide is to be used in the comparison; 
the preceding investigation gave for the retard 1;^ day ; each luni-tidal 
interval minus its corresponding mean value for the respective hour of 
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transit, was tabulated, togetber with the moon's declination and parallax 
(each separately) and corresponding to one day anterior to the time of 
high or low-water. The observations, while they give the half-monthly 
inequality with considerable accuracy, cannot be expected to give its 
variations with the same reliance, and it was found necessary to form 
groups for different values of the declination and parallax. The fol* 
lowing table of corrections was obtained : — 

CORBBCTION TO IkTEBYAL FOR MoON's DeCLIKATION. 



Moon'a transit. 


Oo to 13° 


130 to 210 


21° to 270.5 


h. m. 


m. 


m. 


m. 


30 


— 2 


— 7 


+ 5 


1 SO 


+15 


— 5 


—18 


2 30 


+21 


— 7 


—12 


3 30 


+23 


—11 


— 6 


4 30 


+ 9 





—13 


5 30 


+14 


+ 4 


—15 


6 30 


-- 9 


+18 


— 3 


7 30 


+ 1 


—13 


+ 9 


8 30 


— 2 


+ 9 


+15 


9 30 


— 6 


+ 1 


+22 


10 30 


+ 1 


— 6 


+10 


11 30 


— 3 


— 2 


+ 3 


Mean,- 


+ 5 


-1 


— 1 


Number of 
Obsenrations, 


373 


262 


348 



CrOBRXCTIOlf TO IVTXRYAL FOB MoON'S FaRALLAX. 





54/ to 56' 


56' to 58' 


58' to 61'.4 


m. 


m. 


m. 




—12 


+14 


— 7 




—17 


+17 


4- 5 




—11 


+12 


— 2 




— 1 


+20 


—10 




— 1 


H- 1 


— 3 




+16 


+19 


—36 




+ 7 


— 3 


— 2 




+ 5 


— 3 


— 6 




+26 


—10 


+ 8 




+ 9 


—11 


— 5 




+10 


— 9 


— 7 


Mean, 


— 4 


+ 4 


+ 4 


+ 2 


+ 4 


— 5 


Number of ) 
Observ'ns, J 


387 


244 


333 
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The table exhibits systematical valaes for the periodical part of Uie 
lunar effect or for the term D sin 2 (9 — ;') referring to the declina- 
tion changes. D is about li°^- , and y is about 15^, 60^, and 105^ re- 
spectively. The variation in the inequality due to the moon's declina« 
lion appears large when compared with its value at other places, bat 
it is in conformity with the large value of half-monthly inequality 
itoelf. 

Diurnal inequality. We now proceed to the examination of a prom- 
inent feature of the Yan Rensselaer tides, namely, the diurnal in- 
equality. The laws of this inequality were first understood and re- 
duced to computation by the Rev. W. Whewell, and the subject has 
since been taken up by Prof. A. D. Bache, superintendent U. S. Coast 
Survey. His researches commenced about nine years ago, and resulted 
in a further extension of the method of discussion as well as in the 
recognition of the geographical extent of the phenomenon on our own 
coast, single day tides. The effect of this inequality in extreme cases 
was now successfully discussed and reduced to rule ; for these labors 
the reader may be referred to the Phil. Trans. 1836 and 1837, and to 
Coast Survey reports of 1851, 1852, 1853, 1854, and 1856. Ac- 
cording to the equilibrium theory, the diurnal tide ought to be very 
small in latitude 79^ ; but viewing the Van Rensselaer harbor tide as a 
consequence of the propagated Atlantic tide, the existence of a diurnal 
inequality in so high a latitude need not surprise us. The following 
notes were extracted from Capt (now Sir) F. L. McClintock's narra- 
tive of the voyage of the Fox, 1857, 1858, 1859. Referring to Bel- 
lot Straits: ''As in Greenland, the night tides are much higher than 
the day tides." Speaking of the ice motion, he says : ^ Now we know 
that the night tides in Greenland greatly exceed the day tides." When 
near Buchan Island the vessel grounded during the day tide, and was 
floated off by the night tide. By the labors of Dr. Kane we now know 
that the diurnal inequality is found as high up as latitude 79^. At 
Northumberland Island the difference in the day and night tide was 
found to be three feet A cursory examination of the plates showed that 
this inequality is well marked in the high-waters, but less so in the low- 
waters ; that sometimes the day tide, at other times the night tide, is the 
higher of the two occurring in a lunar day ; further, that it vanishes a 
day or two after the moon's crossing the equator, and that it amounts 
in maximo to about three feet some time after the moon attains her greatest 
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declination. The diurnal inequality is produced by tlie interference of 
two independent waves, the diurnal and the semi-diurnal, — the former 
depending for its size chiefly for the moon's declination. The less 
rigorous method of discussion as used by Mr. Whewell was applied to 
the greater number of the observations, and the application of the more 
refined process by graphical separation as practised on the coast sur- 
vey was reserved for the last series. Following the first method the 
observed heights of high and low-water were laid down graphically, 
and a line was drawn by the eye cutting off the zigzags of the succes- 
sive high-waters, leaving equal portions above and below the inter- 
mediate curve. These differences from the mean height were then set 
off from another axis, and those belonging to the high-water next fol- 
lowing the moon's superior transit were marked by a curve of dashes, 
those following the moon's inferior transit were marked by a curve of 
dots. These curves without exception were found to have alternately, 
as the moon has a north or south declination, positive and negative or- 
dinates in perfect accordance with the equilibrium theory, according to 
which the tide (high-water) which belongs to a south transit of the 
moon should be the greater of the two of the same day, the moon's 
declination being north ; or should be the smaller of the two, the moon 
having south declination; when the moon crosses the equator (or 
according to experience, some time after it), the inequality vanishes, 
the number of days by which the cause precedes the effect was found 
on the average Id. 15h. The magnitude of the diurnal inequality 
and its variation depending on twice the moon's declination was made 
out by dividing the inequality curves into six parts between the times 
of disappearance ; the following was the result : — 



DiuanTAL Inboualitt IK Hbioh*. 



M(Km*« deeU- 




Gonputed 




nation. 


Jbet. 


depth; ftet. 


Epoch 1.6 


OO 


0.0 


0.0 


12 


1.4 


1.4 


dajii 


21 


2.3 


2.2 


dh=rC8iaa<n 


25 


2.5 


2.5 


C = 3.3. 


22 


2.3 


2.3 




13 


1.7 


1.5 







0.0 


0.0 
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The diurnal inequality in time I have tried to discuss by calcnlatioQ 
and a graphical process, but owing to the fact that the obserratioos 
were only made half hourly and at other times hourly, the irregularity 
searched for could not be traced satisfactorily. It is probably not ex- 
ceeding two hours, and seems to be less in amount for the times of hi^ 
water than for the times of low-water, a result the reverse of that be- 
longing to the irregularity in height. A similar conclusion was airiTed 
at in the discussion of the tides at San Francisco, Cal., by Prof. A. D. 
Bache. The actual separation of the semi-diurnal and the diumsl 
wave has been effected graphically for the period from Oct. 30 to Nov. 
22, 1853. The process may be briefly explained as follows. After the 
observations are plotted and a tracing is taken, the traced curves are 
shifted in epoch twelve (lunar) hours forward when a mean curve is 
pricked off between the observed and traced curves ; this process is 
repeated after the tracing paper has been shifted twelve hours back- 
ward ; the average or mean pricked curved thus obtained represents 
the semi-diurnal wave. On an axis parallel to that on which the time 
is counted, the differences between the originally observed and the 
constructed semidiurnal curve were laid off; this constitutes the diurnal 
curve. The epoch of high water of the two curves was found nearly 
to be coincident. 

Farm of the tide wave. The shape of the tide wave has been ascer- 
tained in the manner described in art. 479, Tides and Waves, JEncy- 
clopa&dia Metropolitana, and the result depends on the hourly observa- 
tions of sixty tides, thirty during spring tides and an equal number 
during neap-tides. The observed heights on the day of the syzy- 
gies and quadratures, and on the first and second day after, were 
tabulated, forming ten groups of three columns each. The time elapsed 
from low-water to the neat low-water was taken to correspond to 360° 
of phase. It was found that the spring tide wave is slightly steeper 
between low and high-water thain between high and low-water, and 
that the neap-tide wave is very nearly symmetrical in respect to rise 
and fall. 

The duration of rise is 6^- 04.7"»-, hence the duration of fall, S^ 
19 jm. The form of the wave has been represented by 

(Spring tide) 5.83 -f 5.58 sin (d + 278°) + 0.20 sin (2 ^ -f 281^) 

(Neap-tide) 2.42 -f 2.25 sin {d -f 269°) + 0.09 sin (2 ^ + 290°). 

The angle 6 counts from low-water, and the height of the wave is ex- 
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pressed in feet. The agreement between the computed and observed 
shape is very close. Respecting the effect of the wind and ice on the 
tides it may be remarked that the former can only be slight, since the 
sea is protected from direct action by its icy cover during the greater 
part of the year ; the ice crust cannot possibly affect (by friction on its 
lower surface), the progress of the tide wave, and will certainly not 
sensibly interfere (by friction on the ice-foot and breakage of the ice- 
fields) with the rise and fall of the tide. 

Progre$s of the tide wave. — The tide at Van Rensselaer Harbor may 
be taken as a derived tide and transmitted to it from the Atlantic Ocean, 
and in part modified by the small tide originating in the waters of 
Baffin's Bay, which latter tide however must necessarily be small, par- 
ticularly on account of the general direction of the Bay, which is very 
unfavorable for the production of a tide wave. That the tide wave runs 
up the western coast of Greenland, or in other words reaches Van 
Rensselaer Harbor from the southward, maybe seen from the following 
observed establishments: — 

Holfltcinboi^, lat. 66o 56', long. 53« 42'. High-water F. & C. VI^. XXX«. Spring 

tides rise 10 feet. 
Whakfish Islands, lat SS^ 59', long. 5d<> 13'. Time ^ high-water F. & C. YHIk. 

XVw. Highest tide 7J feet. 
Godhavn, lat. 69© 12', long. 53^ 28'. Tidal hour 1S>, Rise and fall 7J feet 
Upemavik, lat. 72^ 47', long. 56° 03'. High-water at F. & C. XI**. Rise 8 feet 
Wolstenholm Sonnd, lat. 76° 33', long. 68® 56'. High-water at F. &C. Xl^. VIII«. 

Rise 7 to 7j^ feet 
Van Rensselaer harbor, lat. 78<> 37', long. 70^ 53'. High-water at F. & C. XI^. 

L™. Average range 7.9 feet. 

The tidal observations at Wolstenholm Sound, taken by Capt. 
Saunders, of H, M. ship North Star, 1849 and 1850, were kindly fur- 
nished to Prof. Bache, by the hydrographer to the admiralty. 

By means of the differences in the establishments of these several 
places, corrected for local time an ^ moon's motion, and Airy's table, 
'174, Tides and Waves, we can obtain an approximation to the depth of 
Baffin's Bay and Smith's Straits. Between Holsteinborg and Van 
Rensselaer I find average depth of 220 fathoms, an inferior limit; 
between Upemavik and Van Rensselaer tjie average depth is near 800 
fathoms, and a similar result from a combination with Wolstenholm ; 
this latter value is perhaps a superior limit In lat. 51® 12', long. 52* 
8' a sounding was taken and bottom obtained with 178 fathoms. In 
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lat 59"^ 48', long. 50^ 03', bottom was foand with 1,817 fathoms ; in 
Melville Bay, lat. 75"" 4(y, long. 62'' 12', bottom was found with 429 
fathoms, dark green sand. 



5. Genebal Account op the Results op Part II. of the 
Discussion of the Declinometer Observations, mai>k it 
the girard collkge, philadelphia, between 1840 and 
1845, WITH Special Reference to the Solar-diitrkal 
Variation and its Annual Inequality. By A. D. Bache, 
Superintendent U. S. Coast Survey. 

The discussion presented last year to the Association embraced the 
amplitude of the solar- diurnal magnetic variation, as well as that of 
the number and magnitude of the disturbances of declination, in refer- 
ence to the eleven years' period heretofore pointed out by General 
Sabine and others. The discussion now presented, is of the re^uhr 
solar-diurnal variation and its annual inequality. The complete results 
of the computations, as in the other case, will be given in the Smith- 
sonian Contributions to Knowledge, and the present paper will contain 
merely a general account of the results. 

The normals, or means freed from the disturbances are used in the 
discussion, avoiding thus the necessity for rejecting the observations of 
months in which disturbances are frequent The same course is fol- 
lowed by the R^v. Prof. H. Lloyd in his discussion of the Dublin ob- 
servations, and also by Gen. Sabine in the third volume of the discus- 
sion of the Toronto observations. I therefore return to the hourly 
normals given in Part L of the discussion, and arrange them according 
to months of the year, correcting those of 1845 for index error as al- 
ready explained. The tables given in the complete memoir show at 
one view the mean hourly readings for each month unaffected by the 
large disturbances, and the mean hourly position of the magnet in 
reference to its general mean position. The solar diurnal variati<m for 
each month is readily traced in the table, but the annual inequality in 
the diurnal variation, being affected by the secular changes, is less dis- 
tinctly traceable. To give this result distinctness, each hourly normal 
is compared with the corresponding monthly mean value, as set down 
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in the last vertical colamn of the table, and the results are recorded in 
a new table. The sign -{- in this latter table indicates a westerly, and 
the sign — an easterly deflection of the north end of the magnet from 
its mean position, the scale divisions having been converted into min- 
utes of arc. 

Hie distinctive features of this second table are brought out both 
analytically and graphically. The inequality in the diurnal variation 
is most readily seen by comparing the horizontal lines in the table 
from August and February, and the annual variation appears most 
plainly by carrying the eye down the vertical columns for the hours of 
6 and 7 ▲. m. 

The annual variation depends upon the earth's position in its orbit, 
the diurnal variation being subject to an inequality depending upon the 
sun's declination. The range is greater during the summer, when the 
declination is north, and less during the winter when the declination is 
south, and passes from one to the other about the time of the equinoxes. 
The summer and winter means are therefore tabulated for comparison 
with the general mean. Diagram A shows the type curves for the 
summer and winter periods and the general mean of the year. The 
summer months, April to September inclusive, give a diurnal range of 
nearly 10^ minutes, and the winter months one of 5^ minutes. 

Diagram B. shows the same result in a different form, the mean 
yearly curve of the first diagram (A.) being straightened out to form 
the axis of the second (B.). The curves represent the winter and 
summer variations, the ordinates being the difference between those of 
the yearly curve, and of the winter and summer curves respectively. 
This diagram shows very perspicuously the progress of the annual 
variation at different hours of the day. It shows that at 6 or 7 a. h. 
the annual variation is a maximum disappearing at a quarter before 10 
A. M. That it reaches a second (secondary) maximum at 1 p. m., 
nearly disappearing shortly after 5 p. m. A still smaller maximum is 
reached afler 9 p. m., and half an hour before midnight the annual 
variation again disappears. At, and before and after the principal 
maximum between 6 and 7 a. m. the annual variation causes the north 
end of the magnet to be deflected to the eastward in the summer and to 
the westward in the winter. At 1 p. m. the deflections are to the west 
in summer and to the east in winter, the range of diurnal motion being 
thus increased in the former season and diminished in the latter. The 
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needle is thus deflected in the summer more to the east in the mommg 
hours and more to the west in the afternoon hours, or has greater 
elongation than it would have if the sun moved in the equator. Is 
winter the reverse is the case. The range of annual variation from 
summer to winter at Philadelphia is about 3^, and its daily range 
about 2'.6. 

In diagram C. similar curves are given for Philadelphia, St. Helena, 
Toronto, and Hobarton, of the winter and summer progress of the 
annual variation. The comparison indicates that Toronto and Ho- 
barton are not normal types of the half-yearly deflections, and the near 
coincidence of the forms at Philadelphia and St Helena seems to shov 
that the type for difierent places is one and the same in general char- 
acter affected by incidental irregularities. 

In reference to the annual variation. Gen. Sabine, in the rectification 
and additions to the last volume of Humboldt's Ck)smos, expresses him- 
self as follows : — 

" Thus in each hemisphere the semi-annual deflections concur with 
those of the mean annual variation for half the year, and consequeotlj 
augment them and oppose and diminish them in the other half. At the 
magnetic equator there is no mean diurnal variation, but in each half 
year the alternate phases of the sun's annual inequality constitute i 
diurnal variation of which the range in each day is about 3^ or 4', 
taking place every day in the year, except about the equinoxes, the 
march of the diurnal variation being from east in the forenoon to west 
in the afternoon, when the sun has north declination, and the reverse 
when south declination." 

According to the same authority, the anmial variation is the same in 
both hemispheres, the north end of the magnet being deflected to the 
east in the forenoon, the sun having north declination, whereas in the 
diurnal variation the north end of the magnet at that time of the day 
is deflected to the east in the northern hemisphere, and to the west io 
the southern. In other words in regard to direction, the law of the 
annual variation is the same as that of the diurnal variation, but op^ 
site, in passing from the northern to the southern magnetic hemisphere. 

Some interesting conclusions as to the law of change of the annual 
variation will flow from a closer discussion of the observations at the 
two hours of maximum, namely, 6 to 7 a. m., and 1 to 2 p. m. The 
general table, by subtracting the annual mean from each monthly value, 
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at the respective hours, gives the following values for the annual 
variation at or near the hours of principal and secondary maxima of 
range, the signs -{- and — respectively, indicating as usual westerly or 
easterly deflection firom the annual mean position : — 





6 to 7 A.M. 


lto2p.x. 




6 to 7 A. K. 


1 to 2 p. K. 


January 


f 
+2.01 


—0.98 


July 


/ 
—1.94 


+1.25 


February 


+1.31 


—1.12 


August 


—2,66 


+1.31 


March 


+0.47 


—0.47 


September 


—1.24 


+0.82 


April 


-hO.lS 


+1.06 


October 


+1.41 


—1.14 


May 


—1.38 


+0.93 


November 


+1.47 


—1.35 


Jane 


—1.90 


+0.89 


December 


+2.30 


—1.20 



The greatest range at 6 to 7 a. m. is 5'.0, the easterly deflection heing 
greater than the westerly by 0'.4. That from 1 to 2 p. m. is 2'.7, the 
eastern and western deflections being equal. A general inspection of 
the columns shows that the solstices are approximately the turning 
epochs of this annual variation, and that the signs change at the time 
of the equinoxes. To determine these points with more precision the 
numbers of the table were expressed by an analytical formula. Ac- 
cording to this, January 1 and July 1 (ten days after the solstices), are 
the dates of the greatest values, and the transitions from positive to 
negative values, and the reverse will occur on the Ist of April and the 
1st of October (ten days after the equinoxes). A table is given in the 
memoir showing the satisfactory coincidence of the observed and com- 
puted values. This result agrees with that deduced by a different 
method by Gen. Sabine. 

To give a definite determination of the law of the phenomenon, so 
as to embrace the whole progress shown by the series, the regular solar 
diurnal variation has been expressed as a function of the time, by four 
terms of BesseFs formulae, the equation being found for each month and 
also for each half year from April to September, and from October to 
March, and also for the whole year. Allowance was made in deter- 
mining the coefficients for the different weight of the readings at the 
even and at the odd hours. 

The equation for the whole year is compared with that given by 
Prof. Lloyd for Dublin. Reference is made to the monthly equations 
7* 
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deduced by Mr. Karl Kreil from a consecutive series of ot^ervatke^ 
made at Prague from 1840 to 1849, and selected from a longer aerieg 
of thirteen years. 

The following table exhibits the close correspondence of the o>m- 
puted and observed mean annual value of the regular solar diamal 
variation : — 



Pbila. 


Diarnal Var^n. 




Phila. 


Diurnal Var'n. 




Phlla. 


Diarnal Var'n. 


1 


Mean 
Time. 




Diff. 


Mean 
Time. 




IMff. 


Mean 
Time. 




\ML ' 


















Com'd. 


Obse'd. 






Com'd. 


ObaeM. 






Com'd. 


Obse'd. 


1 


h. m. 


/ 


/ 


f 


h. m. 


/ 


/ 


r 


h.m. 


/ 


f 


/ 


19^ 


—0.49 


-0.47 


—0.02 


8 19i —8.44 


—8.60 


--0.06 
+0.14 


16 194 


"1.71 

+0.88 


+1.80 
+0.78 


4-0.€»y 


1 »» 


—0.48 


—0.52 


4-0.03 


9 " 


— 2.2P 


—2.43 


17 " 


— 0.1«> 


2 " 


—0.61 


—0.44 


—0.07 


10 " 


-0.24 


—0.19 


—0.05 


18 " 


+0.88 


4-0.25 


— o.os 


a " 


—0.67 


—0.71 


+0.04 


11 " 


4-2.08 


4-2.17 

4-8.65 


4-0.14 


19 " 


—0.07 


—0.07 


—0.00 


4 " 


—1.09 


—1.19 


+0.10 


12 " 


"8.69 


—0.04 


20 " 


—0.38 


—0.33 


— o.os 


6 " 


—1.82 


—1.64 


—0.18 


13 " 


+4.28 


4-4.82 
+3.77 


+0.04 


21 " 


—0.57 


—0.60 


4J>.03 


6 " 


—2.77 


—2.72 


—0.05 


14 " 


--8.81 


—0.04 


22 " 


—0.62 


—0.64 


--0,03 


7 " 


—8.49 


—8.47 


—0.02 


16 " 


+2.77 


+2.76 


—0.01 


28 " 


—0.67 


—0.71 


+0.14; 



The greatest difference at any one hour is less than 11'''^, and the 
probable error of any single computed value is + 0M9. Diagrams D. 
and E. give the resulting curves for the computed hourly values of the 
diurnal variation for each month of the year. Diagram D. contains 
the curves for the six months of the summer half year, and £. for the 
six months of the winter half year. Positive ordinates correspond as 
before to a westerly motion of the north end of the needle, and negative 
ordinates to an easterly motion. Diagram F. contains the type curves 
for the summer, winter, and the whole year. 

From the computed values as given in the table, assisted by the 
diagrams, the general features of the diurnal variation and of its annual 
inequality are readily deduced. 

The general character of the diurnal motion is nearly the same iot 
the summer half year, for the winter half, and therefore for the whole 
year. The greatest eastern deflection is, at a mean, reached at a quarter 
before eight, a. h., being a quarter of an hour earlier in the summer, and 
half an hour later in the winter. Near this hour the declination is a 
minimum. The greatest western deflection is reached, at a mean, at a 
quarter after one o'clock, p. h., a few minutes earlier in both the sum- 
mer and winter. At this hour the declination is a maximum. The 
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diurnal curve presents but a single wave, slightly interrupted by a 
deviation occurring during the hours near midnight or from 10 p. h. to 
1 A. M., when the magnet has a direct or westerly motion. Shortly 
afler 1 a. h., the north end of the magnet moves easterly, completing 
the cycle, and arriving at its eastern elongation shortly before 8 a. h. 
This nocturnal deviation is well marked in winter, vanishes in summer, 
and is but slightly perceptible in the annual curve. 

According to the investigations of Gen. Sabine, it is probable, that if 
the effect of disturbances was completely obliterated in the results, this 
small oscillation would disappear. In summer, when it is not noticed, 
the needle remains nearly stationary from 8 p. u. to 3 a. m. The type 
curves for the whole year show a similar result The diurnal curves 
for the months when the sun's declination is north and those when it is 
south, resemble each other closely, as is shown by diagrams D. and E. 

For greater precision in regard to the epoch and amount of the diur- 
nal variation we must recur to the analytical expressions representing 
the numbers of the table. 

The following table contains the results for each month, and for the 
summer and winter seasons, and the whole year, also the critical in- 
terval between the two adjacent hours of the mean positions : — 



MonUi. 


Eastern 
Elong'n. 

A.M. 


Western 

Elonis^n. 

P.M. 


CrlUoal 
Interral 
ftomMin. 
toBfaz. 


Epoch of mean 
decUnaUon. 


Critical 
Interral. 


A.M. 


P.M. 

h. m. 
7 08 
7 26 
7 32 

7 40 
6 57 

8 26 

9 32 
8 40 
6 45 

5 23 

6 08 
6 17 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


h. m. 
8 58 
8 34 
8 07 
8 12 
7 29 
7 33 
7 36 
7 18 

7 30 

8 00 

7 54 

8 54 


h. m. 
1 27 
1 32 
I 34 
I 27 
1 21 
1 20 
1 28 
1 05 

45 

1 17 
1 08 
1 40 


h. m. 
4 29 

4 58 

5 27 
5 15 
5 52 
5 47 
5 52 
5 47 
5 15 
5 17 
5 14 
4 46 


h. m. 
10 52 
10 52 
10 46 
10 34 
10 19 
10 25 
10 30 
10 10 
9 58 
10 30 
10 16 
10 50 


h. m. 
8 16 
8 34 
8 46 
8 56 
8 38 

10 01 

11 02 
10 30 

8 47 

6 53 

7 52 
7 27 


Summer 

Winter 

Year 


7 33 

8 24 
7 48 


1 08 
1 25 
1 16 


5 35 
5 01 
5 28 


10 17 
10 40 
10 26 


7 43 

6 49 

7 08 


9 26 
8 09 
8 42 
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The formulae also give for the time of the secondary mioimum of 
eastern declination in winter 9**- 42™- p. m., and for its amount — 0'.97. 

For the time of the secondary maximum of western declination in 
winter 1^- 15"*- a. m., and for its amount — 0'.26. Differences 3^- 33«- 
and 0'.71. 

For the secondary minimum of eastern deflection for the year, 10^ 
11"»- p. M., and its amount — 0'.62. 

For the secondary maximum of western deflection for the year, 1^ 
13™- and its amount — 0'.47. Differences 3^- 02™- and O'.IS. 

The effect of the season on the critical hours is well marked in the 
foregoing table, the eastern elongation occurring earliest between the 
summer solstice and the autumnal equinox^ and latest about the winter 
solstice. The western elongation occurs earliest about the aatumnal 
equinox, and latest about the winter solstice, and the same holds good 
for the morning epoch of the mean declination. The aflemoon epoch, 
however, occurs earliest shortly after the autumnal equinox, and latest 
shortly after the summer solstice. The critical hours which are most 
constant during the year are those of the western elongation and of 
the morning mean declination. The greatest difference between any 
month and the mean of all the months, is 31 minutes in the fonner, 
and 28 in the latter. 

To exhibit the features of the .diurnal variation and its annual in- 
equality, a graphical representation is given in diagram C. The mag- 
netic surface is formed by contour lines 0'.5 apart. The curves in dots 

(....) are lines of mean position. Those in dashes ( ) are 

eastern deflections from the normal positions, and the full lines are 
western deflections. This diagram and the table from which it is de- 
duced are immediately applicable to the practical problem of furnishing 
the correction to be applied to a single observation made at any hour of 
the day and month to reduce it to its mean value. It also renders un- 
necessary the development of the annual variability of the coefficients 
in the analytical expression. The diagram distinctly exhibits the diur- 
nal minima and maxima, the former represented by a valley, the latter 
by a ridge on the magnetic surface. 

Next, the magnitude of the diurnal range is studied. The followmg 
table contains the amount of the deflection at the eastern and western 
elongation, and the diurnal amplitude of the declination for each month 
of the year derived from the equation : 
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Inflection at 


Diurnal 




Deflection at 


Diurnal 






Bange. 








Kange. 




ISast 


West 






East 


West 






Kong. 


Blong. 






Blong, 


Blong. 






/ 


/ 


/ 




/ 


/ 


/ 


January 


—2.46 


+3.52 


5.98 


July 


—5.58 


+5.46 


11.04 


Febraarr 


—2.64 


H-a.ii 


5.75 


August 


—5.79 


+6.36 


12.15 


March 


—3.73 


-f4.03 


7.76 


Sept. 


—4.71 


+5.60 


10.31 


April 
Mar 


—4.02 


+5.28 


9.30 


October 


—2.18 


+3.23 


5.41 


—4.89 


+5.16 


10.05 


KoTcmber 


—1.92 


+2.85 


4.77 


June 


—5.26 


+5.06 


10.32 


December 


—1.65 


+3.14 


4.79 



The dinrnal range for the sammer months is 10'.45; for winter 
months, 5^56 ; and for the whole year, 7^89 : all corresponding to an 
epoch about a year and a half removed from the epoch of a minimum 
of the solar period. 

The numbers denoting the diurnal range exhibit three remarkable 
features, namely, the maximum value in August, the sudden falling off 
in September and October (diagram H.), and the minimum value in 
November and December* In other respects the progression is regular. 
The curve is single crested, which holds in the eastern as well as in the 
western deflections when viewed separately. This is of special im- 
portance, as it is probable that the interference of these separate curves 
at other stations chiefly determines the double crested character of the 
curves of diurnal range. The curves for Milan, Munich, Gottingen, 
Brussels, Greenwich, Dublin, ^i(i,^ for instance, exhibit two maxima, 
one afler the vernal equinox, and a second, generally the smaller, 
about the summer solstice. The system to which Philadelphia be- 
longs is exemplified by the annual progress of the diurnal range at 
Prague and certain Russian stations, as at Nestchinsk, but more closely 
by Toronto, as seen in diagram H. Neither station appears to have a 
tendency to a secondary maximum about the month of April, so that 
the maximum about a month and a half afler the summer solstice is a 
well-marked feature of the North American stations. 

In connection with the preceding discussion the inequality in the 
magnetic declination from year to year next claims attention. The 
subject presents greater inherent difficulties than the diurnal inequality, 
on account of the difficulty of keeping the instruments in precisely the 
same condition of adjustment thraughout the year. In the first part of 
the discussion I had occasion to refer to this circumstance while investi- 
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gating the annual effect of the secular change, and it was then shown 
that the Philadelphia ohservations share in this respect a similar diffi- 
culty with other stations, in consequence of which the results must be 
received with caution.* 

In the mean monthly values of the declinometer readings and in 
their differences when compared month for month, are combined the 
joint effect of the secular change and of the annual inequalitjr. To 
eliminate the effect of the secular change, conditional equations were 
formed which give a value, deduced by the application of the method 
of least squares of 1.227 divisions, as the monthly effect of the secofaur 
changcf The efiect of the secular change was deduced from the mean 
monthly values, and these values themselves being subjected to c*ertain 
corrections which the numbers show to be necessary, the following 
result for the annual inequality was obtained : 



Mean decUnometor rMdings, 
Concc'n for Mcalarehangei 



Jan. Feb. 'Mar. Apr. May 



June July 



663.8 568.1 668.6 662.6 661.1 
.4-8.6 —2.81-2.0 -1.2 



662 2 662.1 



Aug. 



661.2 



-0.4 +0-4 4-1.2 



Sept. 



568.4 
4-2.0 



Oct. Not. Deri 

^668.1654.6 564.4 
4-2.814^.6 -K4' 



Annual Tariatlon in are, 



4-0.6+0.4 



-0.1-0.1 



+0.2 



-0.8 



-1.0 



-0.9 



0.0 



-0.2 



4-0.9+0.< 



This result has been adopted as representing the annual variation. 
From June to October the north end of the magnet is accordingly to 



* Dr. Lloyd's instrnctive note on this sabject in his discussion of the Doblin ob- 
servations, is as follows : — " The determination of the annnal variation is much 
more difficult than that of the diurnal, both on account of the much smaller fre- 
quency of the period and the difficulty of preserving the instrument in the same un- 
changed condition during the much longer time, or of determining and allowing for 
its changes when they do oocur; accordingly, although the annual period may be 
traced in the observations of Gilpin and is decidedly displayed in those of Bowditch, 
it has evaded the researches of recent observers. There is but a faint indication of 
its existence in the Gottingen observations, which were made at the hours of 8 ▲. m. 
and 1 p. u., and Prof. Gauss and Dr. Goldschmidt find, in the analysis of these ob- 
servations, no important fluctuations dependent on season. A similar negative 
result is deduced by Dr. Lamont from the Munich observations, whidi were made 
twelve times a day." 

t This value, 6'.7 of annual change, though not preferable to the value (4'.5) de- 
duced by a different method in Part I. of this discussion, must necessarily be em- 
ployed in the present investigation. The most reliable value 5^0 was deduced from 
independent observations, as already remarked. 
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the eastward of the mean annual position (after the elimination of the 
secular change), and in the remaining months of the year it is to the 
westward of this position. From the vernal equinox until after the 
summer solstice, the motion is to the eastward or retrograde in regard 
to the advance of the secular change (to the westward). This is in 
conformity with the law given by Dr. Lloyd in the Dublin .discussions, 
the motion of the magnet there being to the westward at that period of 
the year, or the reverse of the Philadelphia deflection. The secular 
change is also reversed ; the west declination diminishing at Dublin 
between 1840 and 1843. The results for annual inequality from seven 
years of observation at Toronto are also brought out and compared 
with the Philadelphia results. The secular change at Toronto was 
2'.0, whilst at Philadelphia (1843), it was 4'.4. In regard to the 
amount of the inequality, the two stations agree remarkably well, the 
range remaining slightly below V of arc It is supposed that this 
range at the same station is increasing or diminishing as the secular 
change increases or diminbhes. 



6. Abstract of a Discussion of the Influence of the Moon 
ON THE Declination of the Magnetic Needle from the 
Observations made at the Girard College, Philadel- 
phia, BETWEEN the YeARS 1840 AND 1845. By A. D. 
Bache, Superintendent of the 13. S. Coast Survey. 

The existence of a sensible lunar effect on the magnetic declination 
has already been established by the labors of Brown, Ereil, Sabine, 
and others. It is nevertheless important to add the weight of new 
numerical results to those already obtained. 

In the discussion of the Philadelphia observations of magnetic 
declination already presented to the Association, I have shown how the 
influence of magnetic disturbances, of the eleven year period of the 
solar diurnal variation and its annual inequality of the secular change, 
and of the annual variation, may be severally eliminated, leaving resid- 
uals from which the lunar influence is to be studied. 

Each observation was marked with its corresponding lunar hour and 
the hourly normals used for comparison. This method of treatment of 
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the subject is that followed bj General Sabine in his discussion of tBe 
results of the British observations. The details of the method will be 
better understood by an example. 

The time of the moon's passage over the meridian of Philadelphia 
(upper transit) was obtained from the American Almanac, the small 
correction for the difference of longitude being neglected. The obser- 
vation nearest to the local mean solar time of the moon's transit was 
marked with a zero signifying the O**- of lunar time. The time of the 
inferior transit was next obtained, and the observation nearest to it in 
time was marked 12^*. The greatest difference in interval between the 
moon's transit and the time of observation could in no instance exceed 
half an hour. In the bihourly scries, the observation nearest the 
moon's transit, or to either hour angle, one hour before or one honr 
after the transit, was marked. The mean of a number of differences 
for the same hours will thus give a result corresponding nearly enough 
with the hour. The number of observations intermediate between 
those marked 0^- and 12^* were marked with the corresponding hour 
angle by interpolation, care being taken to note the nearest full hoor 
against each observation in the bi-hourly series. The hourly series 
begins with October, 1843. In the case of thirteen observations within 
twelve lunar hours, the one nearest midway between the two conseco- 
tive lunar hours was omitted. 

The month of March 1842 is selected as an example of working the 
bi-hourly series, and the tables are given in the complete paper which 
it is expected will be published in the Smithsonian Contributions to 
Knowledge. 

One of the first questions to determine is, how many of these resid- 
uals must be used, to give a definite result ? and another one is, whether 
numbers deduced from different parts of the series would give harmo- 
nious results ? To test both of these, the observations were formed 
into three groups, one containing 4,900 in nineteen months of 1840 
and 1841 ; another, 6,715 results in twenty -one months of 1842 and 
1843 ; and a third, 10,029 results in eighteen months of 1844 and 
1845 ; in all, 21,644 results. 

The tables for the several months and for each year, showing the 
residuals for each lunar hour, are given in the complete memoir in 
detail, as also the results of the discussion of groups I. and II. and of 
III., in which all the observations are united. Special investigation 
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showed that the weights were nearly proportioned to the number of 
obserrations, a result which indicates that no undue constant errors 
influence the result 

The results of the discussions of these three groups were also 
expressed by Bessel's formul» and treated by the method of least 
squares. Two terms of the formul» suffice to represent the observa- 
tions, and there is no constant term indicating that the moon has no 
specific constant action of deflection on the needle. The coefficient of 
the first term is small, the character of the curve depending chiefly 
upon the second term which prcNluces a double crested curve, showing 
two eastern and two western deflections in one lunar day. The difler- 
ence in the amount of the eastern and of the western ranges depends 
upon the coefficient of the flrst term. The progression of the hourly 
values is systematic, and the agreement between the computed and 
observed values is satisfiuitory. On the Diagram B, the observed 
values are indicated by dots, and the smooth curve results from the 
equation. 

The difference between the curves of deflection for the eastern and 
western hour angles shown in the curve, enables us to determine the 
diurnal lunar tide, and is drawn on the plate and represented by the 
first term of the formulce. The interference of the two curves gives 
the observed form. 

The curves all agree in their distinctive character, and show two 
east and two west deflections in a lunar day, the maxima W and E 
occurring about the upper and lower culminations, and the minima at 
the intermediate six hours. The total range hardly reaches 0'.5. 
These results agree generally with those obtained for Toronto and 
Prague. From eight thousand to ten thousand observations seem to 
be required to bring out the results satisfactorily, and the best results 
are derived from the use of both groups. The principal western max- 
imum occurs six minutes after the lower culmination of the moon, 
and amounts to (/.23. The secondary maximum occurs fourteen 
minutes after the upper culmination, and amounts to 0M8. The prin- 
cipal minimum occurs at 6^* 17°^* after the lower culmination, the east- 
erly deflection being 0'.22. The secondary minimum at 6^- 03°>- after 
the upper culmination has a deflection of 0^19. The greatest range is 
2V and the secondary 22^. The epochs of the maxima and minima 
are found from the formulas to be at a mean ten minutes after culmina- 
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tion. The probable error of a single computed value of the lunar 
declination is Hh 1".32. The Toronto observations gave + 1^37 from 
more than twice the number of observations, so that the Philadelphia 
observations are worthy of every confidence. At Toronto, from the 
second investigation, embracing about forty-four thousand observations, 
the western and eastern deflections balanced, giving for the range 
38^3. The Prague observations also confirm the nearly equal deflec- 
tion (mean) to the west and east. The epochs of the maxima and 
minima were found from the four roots of the equation = 0.029 cos 
{6 + 295°) + 0.414 cos (2 ^ -f 85°) which gave ten minutes as the 
mean time elapsed between the moon's passing the meridian and the 
time of maxima of deflection. If we take the four phases into ac- 
count, the lunar action seems to be retarded ten minutes, which may be 
termed the lunar magnetic interval for the Philadelphia station. At 
Toronto the intervals are not so regular. The secondary range exists 
there, and is also a marked feature in the Prague result 

The lunar diurnal variation seems to be subject to an inequality 
depending on the solar year, for the investigation of which the preced- 
ing results were rearranged in two groups, one containing the hourly 
values for the summer months (April to September), the other the 
values of the winter months (October to March). For the summer 
season we have 11,087 observations, and for the winter 10,557. 

In the complete memoir the tables of the hourly sums of the lunar 
variation for the summer and winter seasons are given, and the tabular 
results are expressed analytically. The curves representing them are 
shown in the annexed Diagram C. 

The characteristic feature of the annual inequality in the lunar diur- 
nal variation is therefore a much smaller amplitude in winter than in 
summer. Kreil, indeed, inferred from the ten years' series of the 
Prague observations, that in winter the lunar diurnal variation either 
disappears, or is entirely concealed by irregular fluctuations, requiring 
a long series for their elimination. The method of reduction which be 
employed was, however, less perfect than that now used. The second 
characteristic of the irregularity consists in the earlier occurrence of 
the maxima and minima in winter than in summer. The winter curve 
precedes the summer curve by about one and three quarter hours. 
Both these features are well expressed in the diagram C. At 
Toronto the same shifting in the maxima and minima epochs was 
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noticed, but the other irregalarity in the amount of deflection is not 
exhibited. It seems probable that the Philadelphia results are more 
typical in form than those either of Prague or Toronto. 

It is also apparent that the smaller deflection at the upper culmina- 
tion in the annual mean, when compared with the deflection at the 
lower culmination, is entirely produced by the feeble lunar action in 
winter. The maximum west deflection in summer occurs actually near 
the upper culmination. At the same season, the maximum east deflec- 
tion is still retained (as in the annual curves) about six hours after the 
lower culmination. In the winter season this last-mentioned maximum 
east deflection is actually smaller of the two. We have 

Maximam sammer range 35'^4, secondaiy 3l''.8 

" winter " 25.2, " 15.6 

Difference 10.2, '* 16.2 

At Prague the maximum summer range was 44'^* 

Next I proceed to examine, whether the phases of the moon, the 
declination or parallax, have any sensible efiect upon the magnetic 
declination. Dr. Kreil found from a ten years' series of observations 
at Prague, that there was no specific change in the position of the 
magnet depending upon the moon's phases and parallax, but that the 
declination was 6''.8 greater when the moon was at the greatest north- 
ern declination than when at the greatest southern declination. On the 
contrary, Mr. Brown, from the Makerstown observations, a much 
shorter series than the one at Prague, inferred that there was a maxi- 
mum of declination two days after the full moon. He also found a 
maximum corresponding to the greatest northern declination of the 
moon, but does not appear to have investigated the effect of distance. 

The residuals, which we have been treating, enable us at once to 
examine these several points. 

Beginning with the lunar phases, the daily means for the day of full 
and new moon, and for two succeeding days, were compared with the 
monthly mean declination. In case any of the hours were disturbed, 
the monthly normal for the hour was substituted for the disturbed 
observation before the mean was taken. If one half or more of 
the hourly readings were disturbed, the daily mean was altogether 
omitted. Accidental omissions of hourly observations were supplied 
by the hourly normal. The half monthly normals were then com- 
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pared with the half monthlj means. In the table of differences thus 
formed, equal weight is given to the bi-hourly and hourly observations. 
The daily mean having been subtracted from the month, the positive 
sign indicates a western deflection and the negative sign an eastern 
one, as compared with the normal position. The following table con- 
tains the result : — 



Full moon, 
l8t day after, 
2nd day after, 


Sam of 
d0fl«ctioni. 


Number. 


Dtflwtkm. 




+ 11.6 

— 7.1 

— 9.3 


52 

51 
48 


d. 
+ 0.22 

— 0.14 

— 0.19 


/ 
+ 0.10 

— 0.06 

— 0.08 


/ 
±0.07 


New moon, 
l8t day after, 
2d day after, 


— 11.5 
+ 1.5 
+ 4.4 


43 

47 
49 


— 0.27 
+ 0.03 
+ 0.09 


— 0.12 
+ 0.01 
+ 0.04 


+ 0.09 



The effect is very small, scarcely much beyond the probable error, bat 
the table indicates that the north end of the magnet is deflected to the 
westward (/.I at the full and as much to the eastward at the change 
day, the range between full and new moon being 0^.2. A more definite 
result could hardly be expected from a series of observations extend- 
ing over but five years. 

Treating the subject of the effect of the moon's variation in declina- 
tion in precisely the same manner, we obtain the following result : — 

MZAH DBFLBOTIOir. 

One day before, — 0^.20 from 54 days of obserrations. 



At noon's maxima declination, — 0.10 
One day after, — 0.09 



Mean, 



— 0.13 



One day before, — 0.04 

At moon's minima dedinationi — 0.07 
One day after, + 0.14 



53 
55 

162 

64 

52 
52 

158 



Mean, + 0.01 

The results do not positively prove a deflection of the magnet, depend- 
ing on the moon's greatest north and south declination. The amount 
resulting from the comparisons bemg of nearly the same magnitude as 
its probable error. 



CHEMISTRY. 89 

A similar investigation with respect to the moon's distance from the 
earth gives the following results : — 

MEAN DEFLECTION. 

One day before, — 0M8 from 50 days of obseryations. 

At moon's perigee, — 0.18 " 41 " " 

One day after, — 0.00 " 59 " " 



Mean, 


— 


0.12 


« 


150 


a 


tt 


One day before. 


— 


0.02 


« 


55 


it 


It 


At moon's apogee, 


— 


0.20 


« 


53 


u 


tt 


One day after, 


-- 


0.13 


« 


47 


« 


tt 



Mean, — 0.12 " 155 " " 

The difference being of the same order of magnitude as the proba- 
ble errors, no conclusion as to the effect of distance can be drawn from 
them. 

I propose hereafter to extend the discussion of the moon's effect on 
terrestrial magnetism to the earth's magnetic force. 
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1. On the Combustion op Wet Fuel, in the Fubnace op 
Moses Thompson. By Prof. Benjamin Silliman, Jr., of New 
Haven, Conn. 

In aU ordinary modes of combustion, it is well known that the use of 
wet fuel is attended with a very great loss of heat, rendered latent in 
the conversion of water into steam. As the most perfectly air dried wood 
still contains about 25 per centum of water, according to the experi- 
ments of Rumford, the term wet fuel might seem appropriate to all 
fuels, but mineral coal and charcoal. But technically, this term is re- 
stricted to substances like peat and those residual products of the arts 
which, like spent tan, begasse and dye-stuffs, contain at least one half 
and often more than half of their weight of water. Until a recent 
period the attempt to consume these products as sources of heat has 
been attended with uneconomical results, or total failure. It is the 
object of this paper to describe a mode of combustion in which by a 
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modification in tlie form of the furnace the combustion of wet fuel is 
not only rendered consistent with the best economical results ; bat 
which as it involves chemical reactions never before, it is believed, suc- 
cessfully applied for such purposes, is deserving of particular notice 
from a scientific as well as from a practical point of view. 

It is a well-established fact in chemistry, that the afi^ity of carbon 
for oxygen, at high temperatures is so strong, that if oxygen is not 
present in a free state, any compound containing oxygen, which hap- 
pens to be present is decomposed, in order to satisfy this affinitj. This 
fact is well illustrated in the familiar case of the Blast Furnace where 
this afiSnity is employed to deprive the ores of iron of their oxygen in 
the process of reduction to metallic iron. 

In the first stages of combustion, in wet fuels, the diief products given 
off are steam from the drying of the wet mass, smoke or volatiliwMJ car^ 
bon and oxyd of carbon, with, of course, a variable proportion of car- 
bonic acid and carburetted hydrogen. These products in all ordinary 
furnaces, pass on together into the stack, carrying with them the heat 
which they have absorbed and rendered latent. The problem pre- 
sented is then to recover the heat thus locked up and lost,'and by the 
furnace now under consideration this m accomplished hy shutting off 
almost entirely the access of the otUer air and causing the wet Jkd to 
supply its own supporter ofcomhustion drawn from the decompositicn of 
the vapor of water at a high temperature hg its reaction with free carhon 
and the oxyd of carbon. 

The practical solution of this problem was first suecessfully accom- 
plished by the late Moses Thompson, in 1854. The controversial ques- 
tions growing out of this invention, are entirely foreign to our present 
purpose, and in no way affect its practical or scientific value. SufiBoe 
it to say, in passing, that we find in this invention another instance of a 
truth already so often signalized in the history of inventions, that im- 
portant results are often obtained, of the highest value in promoting 
material prosperity and the welfare of society, by those who are guided 
in their search only by the result in view, and not by any exact knowl- 
edge of the scientific principles involved. 

Mr. Thompson seems to have been inspired with the conviction that 
if he could bring the products from the combustion of wet fuel together 
in a place hot enough for the purpose, and from which the atmospheric 
air was excluded, they would, as he expresses it in his patent, mutually 
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^consume each other J* This notion was realized, and the reaction 
secored between the elements of water and the carbon of smoke, or the 
oxyd of carbon in a part of the furnace called by the inventor, the 
mixing ehambir. 

Wherever that place may be situated, or however constructed, the 
one essential thing about it is, that it should be a very hot place, and 
<Hie to which the atmospheric air can have no direct access, until it has 
passed hj, and through the burning fuel. It is in fact a retort or place 
for combination and reaction, and may be a distinct chamber or flue, or 
only a recess or enlargement greater or less of the main fiimace. 
Wherever it may be placed, or however built, it must meet the essen- 
tial conditions of a high temperature, and of atmospheric isolation. In 
this mixing chamber, then, the important chemical reaction before insisted 
on, must be set up. The vapor of water is decomposed, furnishing its 
oxygen to the highly heated carbon to form carbonic acid, while the 
oxyd of carbon is in like manner exalted to the same condition, and 
any excess of carbon forms with free hydrogen, marsh gas or light car- 
buretted hydrogen. The vapor of water is thus made to give up not 
only its constituent elements to form new compounds with oxygen, pro- 
ducing in the change great heat, but a great part of the heat absorbed 
by the water in becoming steam is also liberated in this change of its 
physical and chemical condition. The free hydrogen, oxyd of carbon 
and marsh gas, generated by this reaction among the elements of the 
wet fuel, pass out of (he mixing chamber over the bridge-wall beneath 
the boiler where, becoming mingled with atmospheric air they bum and 
wrap the boiler in a sheet of flame, to which source of heat is to be 
added of course the very high temperature of the mixing chamber from 
which these gases escape. 

Such b the intensity of heat in that portion of the furnace where 
these reactions take place that only the most solid structures of refrac- 
tory fire-bricks will endure it, and the color seen throughout that por- 
tion of the furnace is of the purest white. 

In view of the facts already stated, it is easy to understand why it is 
that when the reactions described are once set up, the admission of a 
free current of atmospheric air should immediately check the energy of 
the combustion and soon result in total suspension of the peculiar 
energy of this fiimace. The air containing only one fiflh part of its 
bulk of oxygen gas^ the active agent in combustion, the access of so 
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large a proportion of cold air — four fifths of which are not only indif- 
ferent but positively prejudicial from the quantity of heat it absorbs, — 
it happens that the temperature of the mixing chamber is rapidly re- 
duced below the point at which carbon can decompose vapor of wat^, 
and the instant that point is reached the arrival of fresh supplies of 
steam completes the decline of energy and the furnace commences 
forthwith to belch forth from its stack dense volumes of smoke and 
watery vapor. When in proper action not a particle of smoke is 
visible from the stack of a furnace in which wet fuel is burning, and 
what is more remarkable, the reactions are so evenly balanced that no 
wreaths of watery vapor are observed, while in the earlier stages of 
combustion before the proper temperature in the mixing chamber is 
reached, both these products are seen in great abundance. 



DESCRIPTION OF THE FURNACES. 

1st Furnace for combustion of wet tan, sawdust, Sfc. 
Fig. 1, is a horizontal section of a furnace constructed according to 
the specifications of Thompson's first patent (issued April 10th, 1855). 
Fig. 2, is a vertical section of the same in the line x y, of figure 1. 

Fig. 1. 
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Similar letters indicate corresponding parts in both figures. 
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The fbrnace shown in these figures has three square or oblong fire 
chambers, A, A% A"^ side by side, experience haviog shown that not 
less than three compartments are reqnired to secure the best results in 
the practical working of the furnace, although in some cases two may 




suffice, but frequently more than three are desirable. The fire cham- 
bers are furnished with grate bottoms B^ B^ B\ of fire bricks, and are 
arched at top. Each chamber has a door C in front, for lighting and 
tending the fire. The opening is seldom used after the furnace is once 
set in action. The wet fuel is supplied through the opening D at top. 
j^ is an opening at the back of each chamber leading to the flue F^ or 
the mixing chamber. This opening may be provided with a damper 
JT, which should be of fire-clay ; if of iron the intense heat soon destroys 
it. Each chamber has a separate ash-pit G with its opening H. This 
although called an ash-pit serves a most important purpose in the econ- 
omy of the furnace as a receptacle for the burning coals which con- 
stantly fall into it from the lower part of the wet mass above, as will 
be more particularly explained beyond. 

If the furnace is used for generating steam the best place for the 
boiler is over the fine L The inventor remarks in his first patent that 
the current from the mixing chamber in passing to the place of use, in 
the case of burning wet tan, or other very wet fuel, should descend or 
pass under a bridge to the place of use equal to about one half of the 
depth of the burning chamber between the grate and the crown, then 
rise to the place of useT In case of dry, or nearly dry fuel, such as 
green wood and sawdust, the current should rise immediately after 
leaving the burning chamber to the place of use. 

The mode of conducting the operation of the furnace is as follows : 
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fires being lighted in all the fire chambers with dry fuel, and the 
masonry heated to a high degree, two of the three chambers A A' ait 
fed with wet fuel and have their ash pits closed. The other fire cham- 
ber is kept in action by dry fuel (its ash pit door being proportionally 
open) until the process of combustion sets in over the surface of the 
pile of wet fuel resting on the grates of the other furnaces. As soon 
as this is the case, wet fuel is added by degrees to the third fire cham- 
ber, the ash pit door being at the same time closed. If things hare 
been properly managed so far, the process will now continue by the 
addition of new portions of wet fuel to each furnace in succession, or 
alternately. The temperature of the mixing chamber F is now seen 
to be of the most perfect whiteness, and not a visible particle of smoke 
issues from the stack. 

Before discussing this process more in detail, let us first consider the 
inventor's description of his furnace as designed more particularly for 
the consumption of begasse or crushed cane stalks. 



2. Furnace for Combustion of Wet Cane Begasse. 
Fig. 3 is a sectional side view, the interior and exterior form of the 

Fig. 3. 
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furnace, and its several parts according to the specifications of Thomp- 
son's patent of Dec. 15, 1857. 
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Fig. 4 is a front sectional view of the same, showing the combina- 
tion of two double furnaces. 

Fio. 4. 




Fig. 5 is a horizontal view of the grate and its relation to the mix- 
ing chamber Jlf and flue F, 

Fio. 5. 
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Here let the inventor speak for himself in the language of the 
patent last named. 

'^ I build two furnaces side by side, each nearly square in its horizoo- 
tal section. Towards the top I draw in the wall in such a manner as 
to form a kind of dome with a sufficient opening at top to feed the 
begasse. The outer walls of these furnaces should be from twenty-fom 
to thirty inches thick, and built with a special view to rendering them 
non-conducting, the wall near the top, and the partition between the 
two furnaces may be thinner. In each furnace chamber there slioald 
be a partition of fire brick extending across it from front to back and 
rising nearly to the top, dividing it into two nearly equal parts. The 
whole interior of the furnace should be of fire brick. The main chamber 
of each furnace should be divided into two parts — upper and lower— 
by a fire brick grate about one fifth the height of the furnace above 
the hearth, the back end of the grate being a little lower than the frrat 
The bottom of the lower chamber may be a grate with an ash pit, bat 
a hearth is much better. 

^^ In each furnace at the front, on each side of the central partitioa 
and immediately under the front end of the grate should be doors for 
feeding wood or other dry fuel, and directly under these doors at the 
hearth of the lower chamber should be draught openings capable of 
adjustment to support combustion in the lower chamber. 

'^ Extending across the back of both furnaces, and opening into both 
by flues, is a mixing chamber, into which all the gases fix)m both fa> 
naces enter in a highly heated state, and mix and consume each oiher 
on their way to the boiler and stack. This chamber should be about 
one half the capacity of all the fire chambers, and it should extend 
down about as low as the back end of the grate. The fiue through 
which the products of combustion pass out of this chamber and under 
the boiler should be in section about one square foot to forty cubic feet 
of mixing chamber. 

^ The feed openings at the top of the furnaces should be closed by 
doors which open inward by the weight of the feed, but are self-closing, 
and do not yield to pressure from within. 

^ The sides of the interior of the upper or wet fuel chamber or dry- 
ing chamber of the furnace, except the front and back, are corrugated 
up and down, as also the sides of the central walls or partitions, as 
shown by the dotted lines in Fig. 4, the corrugations extending down 
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to the grate ; these corrugations are for the purpose of allowing the 
heat to radiate upwards from the fire chamber for heating the masonry, 
and the wet charge, while the gases or vapors driven out of the wet 
charge bj the heat are allowed to descend to the fire chamber or the 
mixing chamber. If the surfaces of this masonry were smooth, the 
bagasse would lie against them in such a manner as to obstruct the 
upward radiation of the heat, and the downward passage of the 
vapors. 
^ These corrugations are unnecessary in burning tan and sawdust 
'< The spaces between the grate bars for burning bagasse should be 
about six inches wide for the finest grinding, and twenty inches for the 
coarsest, and should vary between these widths according to the fine- 
ness of grinding, but for sawdust and tan much less, say from one inch 
to three fourths of an inch. The grate should be made of fire brick. 

^ The operation of my furnace is as follows : A hot fire of dry fuel 
is kindled in the lower or fire chambers of the furnaces, and after it 
has been continued till the masonry is well heated, the chamber above 
the grate is fed with the begasse or other wet fuel. This hot fire in 
the fire chamber, especially towards the front of it under the principal 
mass of the wet fuel, must be preserved throughout the operation. 
The heat from the masonry and the fire chamber will be communicated 
to the wet fuel which will cause steam and other gases to issue from it 
and mix with the intensely hot gases of combustion from the fire cham- 
ber, and in a short time the mixing chamber will present intense com- 
bustion and heat, the dampers of the fire chambers being partially 
closed. The lower part of the wet charge will by degrees become dry 
and charred, and will fisdl through the grate prepared as above unto the 
fire chamber, and supply or nearly supply the place of other dry fuel 
in preserving the fire in this chamber, and the wet fuel being from 
time to time supplied, will furnish in a highly heated state aqueous 
vapors, which descending through the corrugations and otherwise into 
the fire chamber and mixing chamber, will be decomposed, furnishing 
much oxygen to the fire, and supply the oxygen necessary to combus- 
tion of all the combustible gases issuing from the chamber. If, by acci- 
dent, the fire in the lower part of the fomace should predominate, the 
draught should be diminished, and more wet fuel added, and, if by acci- 
dent, the fire in the fire chamber should become too much cooled down, 
the draught should be let on, and any deficiency of dry fuel should be 
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supplied to the fire chamber. Under proper management, little or no 
drj fuel need be fed to the fire chamber aHer the operation is fairij 
commenced, the charred matter falling through the open gate wOl snp- 
plj its place ; and the caloric thus produced bj the combustioD of wet 
fuel, will be vastly greater than from the same quantity by measure of 
the same fuel when dry. In the fire chamber, and in the mixing cham- 
ber, under intense heat, the carbonaceous gases will decompose the 
steam from the wet fuel, and effect complete combustion. 

^ When the operation is fairly commenced, if the water in tlie wet 
charge amounts to say fifty per cent by weight of the fuel, the dampen 
of the fire chamber should be nearly or quite closed to exclude the air; 
vapor from the wet charge will then descend through the corrugationa 
and otherwise into the fire chambers and support the combustion there- 
in, while other portions of the vapor will enter the mixing chamber and 
complete the combustion there. If the fuel, however, contains moch 
smaller quantities of water, more air in proportion should be admitted 
at the damper, the object being to admit no more air than will suppty 
the deficiency of the vapor. 

" In the drawings, D represents the chambers for the dry fuel, W 
those for the wet, M the mixing chamber, the dotted line m in Fig. 3 
limits it for the wettest bagasse, P the partition, F the feed openings 
for the wet fuel with their doors, B the boiler, h the bridge. LitUe if 
any of the boiler should extend over the mixing chamber. If any con- 
siderable portion of the mixing chamber is covered by the boiler its 
cooling influence will prevent the decomposition of the vapor and de- 
feat the object of my invention. Great care should be observed in 
giving proper dimensions to the mixing chamber, for the perfection of 
the combustion and the efficiency of the furnace depend greatly upon 
it. The principal object of this chamber is to give the combustible 
carbonaceous gases from the fire, and the aqueous gases from the mass 
of wet fuel an opportunity of mingling together in such a manner and 
under such circumstances that the aqueous vapor will be decomposed 
by the carbonaceous gases, and its oxygen given out to complete the 
combustion of the carbon, without the introduction of air into the mix- 
ing chamber, thus saving the caloric previously communicated to the 
wet charge, while drying it and charring its lower portions, and avoid- 
ing the cooling influences of cold air. This can take place effectually 
only in the presence of a high degree of heat and in the absence of a 
supply of free oxygen. If this chamber be too small to receive these 
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gases as fast as the furnace is able to prodace them the operation will 
of course be choked and impeded. If the chamber is larger than can 
be kept densely filled with these gases, of course atmospheric air will 
be found there at the commencement, and will continue to find its way 
into the chamber, and while atmospheric air is present, the carbon- 
aceous gases will take their oxygen from that source principally in- 
stead of decomposing the steam, and the heat in the chamber will be 
much diminished and the large quantity of nitrogen (}), contained in the 
air, which is neither combustible nor a supporter of combustion, will at 
once greatly increase the volume of gases to be sent forward to the 
stack and proportionably decrease its temperature; and when the 
chamber becomes very large the cooling influences become so great 
that combustion will immediately cease, and smoke mingled with steam, 
oxygen, and nitrogen, will go forward, thus wasting the fuel and impart- 
ing only a faint degree of heat to the boiler. 

^ I have therefore fixed the size of the mixing chamber by many 
careful experiments — and that given above will produce the desired 
effect with wet bagasse. For dryer fuels furnishing less vapor, the 
mixing chamber should be proportionably increased in size to supply 
the deficiency with air, and to effect complete combustion. Rules more 
precise would be inconsistent with the nature of the subject 

'^ A large and hot fire should always be preserved in the fire cham- 
ber below the grate, and directly under the charge of wet fuel, for the 
purpose of driving the vapor out of it and charring its lower portion — 
and the grate is left much more open than in furnaces for burning dry 
fuel of the same size, for the purpose of allowing the charred portions 
of the wet charge to fall through to supply fuel for this fire as fast as 
it becomes fit for that purpose, thus consuming the mass with little or 
no expenditure of other fuel. 

" What I claim as my improvement in furnaces for burning bagasse 
and other fuels too wet to be conveniently burned in the usual way and 
well known ways, is : 

'< First, the combination of two chambers, the one above the other, 
and separated by a grate, the lower one for the combustion of any 
known dry carbonaceous fuel, and the upper one in immediate prox- 
imity therewith to receive heat therefrom for heating and drying the 
charge of wet fuel, with a mixing chamber, into which both continu- 
ously and simultaneously discharge their gases before reaching the 
thing to be Heated, for mingling and mutual combustion. 
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^ I also claim in oombination with said fire chamber and wet fiid 
chamber, or drying chamber, making the grate upon which the wet 
charge rests sufficiently open to allow the lower portion of the wet 
charge as it becomes dried and charred to fall through into the fire 
chamber and keep a hot fire therein, supplying the place of other dry 
fuel, while the uncharred portions of the wet fuel are properly supported 
by the grate till dried as described. 

^ I also claim placing the mixing chamber for combustion in subetam- 
tially the same position described relatively to the fire, and the wet 
charge, so that the products of combustion from the dry fuel may pass 
along the lower part of the wet charge, drying and charring it on thdr 
way to the mixing chamber, and reach it without being in any oonsider- 
able degree obstructed or cooled by the wet diai^ snbstantiallj as 
shown. 

*^ I wish it distinctly understood that I make no daim to any of the 
parts or combination above specified except in their application to the 
preparation and combustion of wet fuels." 

It will be observed that in this mode of combustion the wet fael is 
subject to a constant process of distillation by the fire in the ash-pit. 
The products of this distillation react on each other in the mixing cham- 
ber in the manner already described, while at the same time a portico 
of watery vieipor is decomposed in the ash-pit. 

Theoretically no more heat can be generated in this mode of oom- 
bustion than is consumed in the transformation of water into steam and 
the conversion of fixed into volatile products. But it is by no meana a 
matter of indifierence whether the oxygen requisite for complete con^ 
bustion is drawn firom the atmosphere or is derived from the deoom- 
position of water by carbon and its oxyd. In the former case, not only 
is there a great loss of heat carried away by the inefficient nitrogen of 
the air, but the diluted oxygen can never produce so intense a heat 
with the carbon as is the result of the reaction of the nascent oxygen 
with that element Although Mr. Thompson was no chemist, he did 
not fail with his natural acumen to perceive this advantage, and in Ids 
earliest patent he remarks : *^ After ample experiments I have discoT- 
ered that any results that can be produced by the use of dry fuel are 
inferior (to those obtained from my process) in proportion to the quan* 
tity used, and that results like mine can only be obtained by the use of 
wet fuel ... fed into an intensely heated chamber : under such dr« 
cumstances the water in the fuel in presence of the carbonaceous sub* 
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Stances in the fnmaoe will be decomposed, giving its oxygen to the cai^ 
bonaceous matter, dispensing with a draft and its cooling and wasteful 
influence, and rendering the combustion so perfect that no smoke is 
Visible." 

Although this mode of combustion of wet fuel is now in use on many 
sugar plantations in Louisiana, and in some tanneries of Pennsylvania 
and New York, no notice of it has, so far as I am aware, appeared in 
the scientific journals. I am not without personal experience of its 
operation on a large scale, having in 1857 enjoyed the opportunity of 
studying carefully the management of one of Thompson's furnaces in 
three compartments (similar to Figs. 1 and 2), built for the combustion 
of wet peat That fuel contained over seventy-five per cent of its 
whole weight of water, and was too wet for the best results. But with 
the use of one fourth part of dry wood, even this extremely wet and 
otherwise valueless fuel was rendered efficient, three cords (of 128 
cubic feet) of wet peat and one cord of dry wood doing the work of four 
cords of dry wood in driving a steam boiler. 



2. Further Remarks on Numerical Kelations between 
Equivalents. By M. Caret Lea, of Philadelphia, Penn. 

In papers on this subject published in the January and May numbers 
of Silliman's American Journal for the present year, I endeavored to 
show that a large number of so-called elements could be arranged in 
seriated groups, the members in each series differing from each other by 
a common quantity, in most cases the number 44 or one approximating 
to it I endeavored to show that not only were these groups natural 
groups, but that the chemical properties of the members of each group 
corresponded in many cases with their position in it These observa- 
tions seemed to &vor the view at present gradually gaining ground, 
that those bodies which we have as yet failed to decompose, we have 
not proved to be elementary. 

An interesting and elaborate paper by Gustav Tschermak, published 
in the Proceedings of the Academy of Science of Vienna, and ex- 
tracted in an abridged form in Knop's Centralblatt (July 4> 1860), on 

9* 
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the subject of the law of volumes of liquid chemical compounds, affords 
a support to the views above expressed, from a new source. The author 
therein shows that many of the substances usually classed as elements 
comport themselves in the physical properties exhibited by their com- 
binations as compound bodies, and that it is possible from these physical 
properties to determine (hypothetically) the number of ^' physical " or 
absolute atoms which he supposes to be contained in a chemical atom 
of such body or pseudo-element He endeavors to show that it is pos- 
sible to calculate the specific gravity of a liquid from its atomic weight 
and the number of simple (chemical) atoms in its compound molecule, 
as data, but that the results lead to the immediate inference that eadi 
chemical atom contains, with few exceptions, several physical atoms. 

For particulars of his theory I must refer to the original paper, but 
some of his results are as follows : — 

Fhyaical stomi to mch. chumkaJ stoai.* 

O (0 = 16) 2 

8 (S = 32) 4 

F 2 

a 4 

N 2 

P 4 

As 5 

Sb 6 

If now we arrange the first six of these substances in parallel series 
we shall find 

Atomie might. Phyrieal atoow. 

Sulphur 32 4 

Oxygen 16 2 

Difierenoe . .16 Difibrence . • 2 

Chlorine 35.5 4 

naorine 19 2 

Difference . .16.5 Difference . . 2 

Phosphonu .... 31 4 

Kitrogen 14 2 

Difference . . 17 Di£E^noe . 2 

* These numbers are taken from the table of mean numbers, p. 508 of Centralblatt> 
and are those subsequently used by the author for determining the "physical 

atomic weights " =-. 
n 
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Thus a common difference in each case amounting to 16-17 corre- 
sponds with a difference of two of the physical atoms into which 
Tschermak divides the chemical atoms. 

If now we put = 2o, CI = 2cly P = 2p, the approximate differ- 
ence between S and O, CI and F, etc, (16-17) = 2A', the difference 
(48) between S and S^ = A" and the difference (44-45) between the 
terms of the nitrogen series = A, we can express the whole of three 
important series in terms of these six quantities, so that at one and the 
same time both the numerical value of the atomic weights and the num- 
ber of Tschermak's physical atoms shall be correctly expressed. 





Symbols. At. welgfats. 


FhyricalatoBi 


A. Oxygen gronp. 








Oxygen . . 


.02 . . 


16 . 




Sulphnr . 


. 02A'a • 


32 . 




Seleniam . 


. . 02 A' 2 A". . 


80 . 


. ..0 


Tellariam 


. 02A'2A"a 


128 . 




B. Chlorine gronp. 








Flaorine . 


. fljj . . . 


19 . 




Chlorine . 


. fljA'a . 


35.5 




Bromine • 


. fl2 A'2 A . 


80 . 




Iodine . . 


. fla A'2 A2 


127 . . 




C. Nitrogen gronp. 








Nitrogen . 


. . "2 • • 


14 . 




Photfphorns 


. 112 A'2 • 


31 . 




Anenic . 


. . »2 A'2 A. 


75 . 


. 5 


Antimony 


. B2 A'2 Aa . 


120.3 . 


. 6 



In which table the number of radicals by which the chemical atom 
of each body is expressed, corresponds with the number of Tscher- 
mak's physical atoms, while their numerical value is equal to the 
atomic weight of the body. 

Thus tellurium 02A'2 A*^ would have two each of three radicals, in 
all six, agreeing with the number of physical atoms assigned to it» 
whUe their value 2X8 + 2X8 + 2X48 = 128, at wt of tellu- 
rium. 

These observations of Tschermak, taken in connection with the 
numerical relations which exist between atomic weights, give rise to 
very interesting results, and if the conclusions which he arrives at from 
his experiments should be confirmed, they cannot &il to exercise a 
very important influence on the progress of chemical science. 



104 ▲. MATHEMATICS AND PHTSICS. 



S. Note on Sources of Error in the Employment of PiObic 
Acid to detect the Presence of Potash. By M. Camst 
Lea, of Philadelphia, Penn. 

Picric acid enjojs a high reputation as a test for potash. Emplojed 
in its alcoholic solution, or as soda or ammonia salt, sometimes as mag- 
nesia salt, it gives with potash solutions a dense yellow crystalline pre- 
cipitate. If the solution containing potash he very dilute, the precipi- 
tate may not make its appearance till after some hours' repose, and it 
then forms long delicate needles. 

Bose remarks that this reagent 'Ms even more sensitive than the 
solution of chlorid of platinum." In his summing up, he observes, that 
of the various reagents, chlorid of platinum, tartaric acid, picric add, 
perchloric acid, sulphate of alumina, and hydrofluosilicic add, the latter 
is insufficient to distinguish between potash and soda; and that the 
chloiid of platinutn and sulphate of alumina give the tome reactions 
with ammonia as with potash.^ No qualification is made with respect 
to the certainty of the indications afforded by picric add. Pkttner 
makes the same observation as to the greater sensitiveness of picrk 
add compared with bichlorid of platinum and equally without qualifi- 
catioh as to itis reliability.t 

I therefore believe that the remarkable insolubility of otherwise 
soluble alkaline picrates in alkaline solutions has not been before pointed 
out If an alcoholic solution of picric acid be poured into a solution of 
carbonate of soda, it occasions an immediate dense yellow precipitate^ 
not to be distinguished in appearance from a precipitate of picrmie of 
potash, and liable to be mistaken for it with the greatest fitdlily. Tlie 
picrate of soda formed in the case just mentioned is the most soluble 
of all the alkaline picrates, and a priori we should not expect to find it 
precipitated under these drcumstances : an aqueous solution of picrate 
of soda added to one of carbonate of soda Sacts in precisely the same 
manner. 

To ascertain if these reactions were extended to various compounds 
of picric add, examinations were made which gave with the foUowing 
results : 

* Bose, Handbach der Analytischeii Chemie, 1' Bond, 6-10 S. 
t Plattner, die Fkobirkunst mit dem Lothrohre, 3d Ed. p. 178. 
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Alcoholic solution of picric acid added to 

solution of carbonate of ammonia, gave an immediate dense yellow 
crystalline precipitate. 
*^ carbonate of soda gave not so instantaneous a precipitate, 
but one which afler standing became even more dense. 
Aqueous solutions of picrate of soda gave with 
solution of carbonate ammonia, \ 

sulphate of ammonia, > abundant precipitates, 
carbonate of soda, ) 
phosphate of soda, slight precipitate. 

Aqueous solution of picrate of ammonia gave with 
solution of carbonate of ammonia, \ 

^ sulphate of ammonia, \ abundant precipitates. 

** carbonate of soda, ) 

^ phosphate of soda, none. 

Aqueous solution of picrate of magnesia gave with 

solution of carbonate of soda, I abundant precipitates. 

<< carbonate of ammonia, ) 

When the alkaline solutions to be tested are otherwise than very 
dilute, there is absolutely no difference in the appearance of the precipi- 
tates. When the amount of precipitate is small, the following differ- 
ences may be observed : 

The potash precipitate forms longer needles, and when these are 
formed only after standing, or when the precipitate is redissolved by 
heat and allowed to crystallize by slow cooling, they exhibit a beautiful 
play of red and green colors. 

The soda salt is of a lighter and brighter yellow than either the pot- 
ash or ammonia salt. Its needles are also shorter than those of either 
of the other compounds, and when the precipitate has been redissolved 
by heat, and allowed to crystallize by slow cooling, they tend to 
agglomerate themselves together in spherical masses. This is a very 
marked character, and when exhibited, is unmistakable, but is not al- 
ways shown. 

The ammonia salt when slowly crystallized in quantities is very dis- 
tinct in appearance from the potash salt, but when thrown down in small 
portions, even by slow crystallization, cannot be distinguished from it 
with certainty. The prisms are flatter, but these differences are not ap- 
parent in very slender needles. The play of colors which the ammonia 
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salt exhibits to a less degree than the potash, disappears endrelj in the 
soda salt. 

The above reactions indicate that extreme caution must be used in 
employing picric acid as a test for potash. The precipitates above de- 
scribed do not redissolve in any excess of the picrate, or of picric acid; 
nor is it to be supposed that concentrated alkaline solutions are neces- 
sary to cause them — on the contrary, in many cases, very dilute ones 
are sufficient To determine within what limits such reactions are 
produced, the following trials were made : 

A. Dilution of the alkaline solution. Limits obtained : 

(I). With carbonate of soda, 

A solution containing five per cent, anhydroos carbonate of soda gave 
with alcoholic solution of picric acid, an immediate abundant precipitatOi in 

ten minutes the tube could be inverted without spilling the contents, 
with solution picrate of soda, an immediate precipitate beoomii^ in the coarse 
of an hour a very dense one. 
A solution containing 2^ per cent, carbonate of soda gave 
with alcoholic picric acid, a slight precipitate increasing very much by staoding, 
so that after eighteen hours the tube could be inverted without spiliing 
the contents, 
with picrate of soda, none. 
A solution containing one per cent, carbonate of soda gave 
with alcoholic picric acid, slight precipitate after eighteen hours' repose, 
with picrate of soda, none. 
(II). With sulphate of ammonia. 

A solution containing five per cent, anhydrous sulphate ammonia gave 
with alcoholic picric acid, immediate dense precipitate, 
with picrate soda, immediate dense precipitate, 
solution containing 2} per cent, sulphate of ammonia gave 

with alcoholic picric acid, immediate dense precipitate, 
solution containing one per cent, sulphate of ammonia gave 
with alcoholic picric acid, immediate dense precipitate. 
" solution picrate soda, immediate slight precipitate. The solution on stand- 
ing gave a beautiful crystallization of long needles with bright play of 
colors, exactly resembling the reaction of potash salts. 
" picrate of magnesia, by long standing, a very faint precipitate. 
" picrate of ammonia, none, 
solution containing ^^ anhydrous sulphate of ammonia gave 

with alcoholic picric acid, after a short interval, an abundant precipitate, 
solution containing 7^77 anhydrous sulphate of ammonia gave 

with alcoholic picric add, after a short interval, a considerable precipitate, 
solution containing tt^tt anhydrous sulphate of ammonia gave 
with alcoholic picric acid, no precipitate, even after twenty-four hours' repose. 
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B. Limits obtained with respect to indications of diluted solutions of 
alkaline picrate. 

A solution of picrate of ammonia in 200 parts water gave — ^with an eqnal yolnme 
of strong solution of carbonate of ammonia, an immediate precipitate of small yel* 
low needles — in ten minutes, a considerable quantity settled at the bottom of the 
Tessel. 

A solution of same salt in 400 water gaye with an equal yolnme of solution car- 
bonate of ammonia, signs of a precipitate in a few minutes, and after some hours 
an appreciable quantity settled at the bottom of the yessel. 

With one part picrate of ammonia in 800 water no precipitate was produced 
by solution of cariK>nate of ammonia, eyen after twenty-four hours' repose. 

The conclusion to be drawn from these results is, 

That alcoholic solution of picric acid or aqueous solution of picrate of 
soda will produce a precipitate in almost any alkaline solution, whether 
of soda, ammonia, or potash, except under circumstances of great dilu- 
tion, especially if allowed to repose for twenty-four hours. 

That picrate of ammonia and picrate of magnesia give the same re- 
sults, but in a less degree. 

That picric acid is therefore wholly unreliable as a test for potash ; 
the results obtained being such as would tend altogether to mislead 
those who are not extremely ^miliar with the appearance of the pre- 
cipitates, and that in some cases the results are so deceptive that even 
eyes most familiar with these reactions might be deceived ; for example, 
in the result obtained above by testing a solution containing one per 
cent sulphate of ammonia with solution of picrate of soda. In this case 
a ciystallization of picrate of ammonia was obtained perfectly simulat- 
ing that of the potash salt. 

Picric add is in fact a better test for soda than for potash, because 
with a soda solution it gives a precipitate which redissolved by heat 
generally (but not always) gives a characteristic spherically radiated, 
bright canary yellow crystallization, whereas the precipitate obtained 
from a potash solution can never be positively distinguished by its ap- 
pearance from that afforded by an ammonia solution, and we have just 
seen that a solution containing ^^^ of sulphate of ammonia or even less, 
is capable of producing such a precipitate. 
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4, On the Production of Ethtlamine by Reactions of toe 
Oxy-Ethers. By M. Carey Lea, of Philadelphia^ Penn. 

While engaged in making a series of experiments on this subject, 
I met with the paper of Juncadella * and the observations of De Cler- 
mont t on the same subject. Finding that it has less novelty than I 
sapposed, I merely offer here one or two of the results which I have 
obtained. 

Nitrate of ethyl C^ H^ O, NO^ heated in sealed tubes with chloride of 

mercurammonium 8 [• N CI for many hours in the water bath did 
Hg> 

not appear to react upon it. Kept for some time in a boiling saturated 

solution of chlorid of calcium, the tubes, although extremely thick green 

glass combustion-tube of small calibre was used, exploded with great 

violence, shattering the vessel in which they were contiuned, althoa^ 

they had been wrapped in strong cloth. 

Nitrate of ethyl heated in a sealed tube with chlorid of zinc^ammo- 

nium 8 C. N CI in the water bath, does not appear to act upon it. 
Zn) 

Nitrate of ethyl heated in the water bath in a sealed tube with ca^ 
bamate of ammonia NH^ O, NH^ C^ Og dissolves the salt. On cool- 
ing, radiated crystals form. The contents of the tube evaporated to 
dryness with excess of chlorhydric acid, and then exhausted with 
ether, to which a few drops of strong alcohol have been added, yielded 
a solution which gave a chamois colored precipitate with bichlorid of 
platinum, consisting of chloroplatinate of ethylamine. 

.'1185 gm. substance gave *0465 metallic platinum corresponding to 
89*25 per cent ; theory requires 39*29. 

The product was but small. Probably portions remained nndift- 
solved by the ether. No doubt portions of di-ethylamine and tri-etbylft- 
mine are also formed in the above reaction, in the same manner as in 
those of the halogen ethers with ammonia. 

* R^p. de Chimie pare, Tome 1, 273. f Ibid. 274. 
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5. Ok the Optical Pbopebtibs of the Ficrate of Mahoanese. 
B7 K. Cabet Lea, of Philadelphia, Penn. 

Brettsteb and Haidikoeb have described a remarkable property 
possessed by certain crystalline surfacesy of reflecting, besides the ray 
normally polarized in the plane of incidence and reflection, another 
ray, polarized perpendicularly to that plane, and differing from the 
former in being colored, a property rendered more conspicuons by the 
fact that the color of the ray so polarized abnormally is either comple- 
mentary to, or at least quite distinct from the color of the crystal 
itself. 

I find that this property is possessed to a remarkable degree by the 
picrate of manganese. This salt crystallizes in large and beautiful 
transparent right rhombic prisms, sometimes amber-yellow, sometimes 
aurora-red, exhibiting generally the combination of principal prism, and 
macrodiagonal, brachydiagonal, and principal end planes. In describ- 
ing ibis substance in a paper on picric acid and the picrates,* I men- 
tioned that in a great number of specimens examined, no planes except 
those parallel with or perpendicular to the principal axis had been met 
with. Since then I have obtained in several crystallizations specimens 
exhibiting a brachydiagonal doma, but this appears to be rather 
unusual. 

The optical properties of this salt are very interesting. It exhibits 
a beautiful dichroism. If the crystal be viewed by light transmitted in 
the direction of its principal axis, it appears of a pale straw color, in 
any other direction, rich aurora-red in some specimens, in others sal- 
mon color. A doubly refracting achromatized prism gives images of 
these two colors, except the light be transmitted along the princi- 
pal axis of the crystal of picrate, in which case both are pale straw 
color. 

But it also possesses in a high degree the property of reflecting two 
oppositely polarized beams, and the great size of the crystals in which 
it may readily be obtained, renders it peculiarly fitted for optical exam- 
ination. If one of these crystals be viewed by refiected light while it 

• American Jonrnal of Sctenoe, etc, NoTember, 1858. 
VOL. XIY. 10 
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is held with its prindpal axis lying in the plane of incidence and refle^ 
lion, the reflected light is found to be not pure white, but to haie a 
purple shade. Examined with a rhombohedron or an achromatized 
prism of Iceland spar, having its principal axis in the plane of incidence 
and reflection, the ordinary image is white as usual, while the extraordi- 
nary is of a fine purple color, the phenomenon having the greatest dis- 
tinctness when the light is incident at the angle of maximum polaiiza- 
tion. 

The experiment may be varied, and the purple light beautifully seen, 
without the use of a doubly refracting prism, by allowing only light 
polarized perpendicularly to the plane of incidence to fall on the 073- 
tal ; in this case the surface of the crystal appears rich deep purple, no 
white light reaching the eye. 

This property is not possessed by all the planes of the crystal, bot 
is limited to the principal prism and brachydiagonal and macrodiagonal 
end planes, in other words to the planes parallel with the principal axis 
of the crystaL The brachydiagonal doma and P planes do not pos- 
sess it Nor is it exhibited by the first-mentioned planes, when the 
crystal is turned with its prismatic axis at right angles to thcplane of 
incidence. 

All specimens of picrate of manganese do not possess this property 
to an equal extent. The ciystals vary considerably in color, and those 
which are full red exhibit it more strongly than the amber colored. 
Picric acid boiled with aqueous solution of cyanhydroferrio add and 
saturated with carbonate of manganese gives crystals of a rich deep 
color, which exhibit the purple polarized beam particularly welL 

These properties are not possessed by the manganese salt alone, bat 
also by the picrates of potash and ammonia (especially when crystal- 
lized by very slow spontaneous evaporation in prisms of sufficient size), 
and the picrates of cadmium and peroxyd of iron,— with this differ- 
ence, however, that while the prismatic axis of the crystal in the case 
of the cadmium and manganese salts must be in the plane of incidence, 
in the alkaline salts it must be perpendicular to that plane. As tbej 
all crystallize in the right rhombic system, it is probable that either the 
alkaline salts on the one hand, or the manganese and cadmium on the 
other, are prismatically elongated in the direction of a secondaiy 
axis. 
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It is convenient that distinct phenomena should have distinct names, 
and none appears to have been assigned to this. Brewster speaks of 
it as a "property of light," and Haidinger uses the word " Schiller" for 
it The terms dichroism, trichroism, and pleiochroism are limited to 
properties of transmitted light I therefore suggest for that here in 
question the name ccUachroismy using the preposition xata in the same 
sense as in the word itaroTttQi^ai, to reflect (as a polished surface), apply- 
ing it to express the property of reflecting two beams, one normally 
polarized in the plane of incidence, and the other polarized in a plane 
perpendicular to it 

The chromatic properties exhibited by the pierates of ammonia and 
potash are very remarkable in their variety. Their crystals pos- 
sess, — 

Ist The well-known play of red and green light If a little very 
dilute solution of pure picrate of potash be spontaneously evaporated 
in a hemispherical porcelain basin, so as to form a network of ex- 
tremely slender needles, and these be viewed by gas light, the play of 
colors is singularly brilliant 

2d. Dichroism. When by spontaneous evaporation of large quan- 
tities of solution of potash, or better, of ammonia salt^ transparent 
prisms of -^^ to ^^ inch diameter are obtained ; these, viewed with a 
doubly refracting prism by transmitted light, give two images, one pale 
straw color, and the other deep brownish red. 

dd. The above described property of catachroism, or reflection in 
the plane of incidence of oppositely polarized beams. 
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B. NATURAL HISTORY. 



GEOLOGY AND PALEONTOLOGY. 

1. Gbologt of the Island of Aquidneok. By Charles E 
Hitchcock, of Amherst, Mass. 

Having been requested, in behalf of the city of Newport,* to pre- 
pare a geological map of Aquidneck, or the island of Rhode Island, 
for the use of the members of the Association at this meeting, I would, 
in this communication, make a few observations respecting the Ysrietj, 
age, position, and origin of the different rocks found upon the island. 

There are nine different varieties of rocks represented upon the map. 
They are, 1. Granite and protogine ; 2. The lowest rocks upon the 
island, consisting of talcoid grits, often largely composed of grains of 
sand and pebbles ; 8. Metamorphic slates ; 4. Conglomerates ; 5, The 
true coal measures; 6. Beds of dolomitic or magnesian limestone; 
7. Seams of serpentine ; 8. Alluvium and drift ; and, 9. Beds of ooaL 
Most of these rocks were produced in the Carboniferous age. Periiaps 
the lowest slates may be older, and the granite may have been fonned 
during the Permian or later periods. I will describe these rocks in the 
order of their formation, beginning with the oldest 

1. Lower schists and conglomerates. — The only place upon the 
island where these are developed, is upon the promontory which is te^ 
minated by Sachuest Point. Lithologically, the rocks are whetstone 
talcose schists, grits, and soft slates, often containing many pebbles of 
quartz and grains, so that they might be termed talcoid conglomerates. 
We noticed a few pebbles of red jasper among the constituents. This 

* W. Charles £. Hammett, Jr., of Newport, aathorized Che execation of the I1I^ 
vej and the pablication of the map at hia own expenae, in the month of Jane. Af- 
terwarda the anthoritiea of the city porchaaed of him 300 copies of the mi^ for the 
members of the Aaaodatiott. 
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fact distinguishes this group of rocks from the overlying conglomerates. 
These schists have a direction of N. 20^ £. and dip to the west 45^, towards 
the coarse conglomerates at Purgatory. Cleavage and jointed planes 
are abundant in these rocks upon Sachuest Point The age of these 
strata is probably older than the Carboniferous series, though there is 
little difference in their external aspect from that of the slates west of 
Purgatory. There are no beds of coal or other fossils in them, and this 
exposure of them is an outlier isolated by denudation from the same 
strata in Little Compton. Their thickness upon Sachuest Point cannot 
be less than 1,000 feet These rocks have been more or less metamor^ 
phosed, so that some of the pebbles appear like crystab of quartz and 
felspar in a crystalline schist 

2. The conghmercUe at Purgatory, — This group of strata consists of 
one of the most remarkable conglomerates ever described, associated 
occasionally with belts of slates, as at Taggart's Ferry. The range is 
more than a mile wide, showing itself most southerly below Purgatory, 
composing the Hanging Rocks and Paradise, and probably underlying 
the drift as far north as Sandy Point in Portsmouth. Cormorant Bock 
in the ocean is also a part of the range. There are three ridges of 
this conglomerate at its southern part, — Purgatory being located in the 
western, and the Hanging Rocks composing the eastern one. The 
middle ridge is a hard, gritty rock. 

The conglomerate at Purgatory may be considered as the type of 
this rock. There is a ridge of naked conglomerate upon the east side 
of the small promontory lying between Easton's and Sachuest beaches. 
This ridge runs N. 30^ E. An examination of the rock itself shows it 
to be a coarse conglomerate, composed of elongated and flattened peb- 
bles, from the size of grains of sand to boulders nearly twelve feet in 
length, cemented by talcose schbt or sandstone, — the cement being 
exceedingly meagre in amount The pebbles are mostly of a fine- 
grained quartz rock, often jointed in the larger nodules. Sometimes 
decomposition shows (his quartz rock to be a sandstone, and often it 
passes into mica schist and gneiss. One large pebble was beautifully 
specked with crystals of felspar. Very rare is it to And any other 
variety of rock among the pebbles. One kind that we noticed was a 
soft micaceous schist, having scattered through it small shining crystals 
of a micaceous mineral resembling adamsite. Scattered through the con- 
glomerate everywhere are an immense number of minute crystals of mag- 

10* 
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netite. These pebbles are so arranged that their longest diamet^B ai« 
nniformlj parallel to one another, in the direction N. 80^ E., the same 
as the strata. The large drawing (reduced in Fig. a), represents m 

Fia.o. 




exact copy of the pebbles upon a surface about mx by two feet of this 
conglomerate. The pebbles are seen to be parallel to one another, and 
most of them wonderfully elongated. This is a fair sample of the gen- 
eral appearance of these rocks. Not merely are these pebbles elongated, 
but they are also flattened, as may be seen wherever joints have made 
actual sections across the strata. Still another distortion of the orig- 
inal shapes of these pebbles is seen in a cross section (Fig. b). The 
1^0. b, pebbles, as if compressed together, have aocom- 

modated themselves to those positions whidi 
a£fbrded the greatest freedom,— a round peb- 
ble often fits into a sort of a cap Uke a ball 
and socket joint, both the ball and the socket 
being separate pebbles. One pebble, (a) in 
the figure, seems to have heeai forced into a 
shape not at all symmetricaL These cases are very c<Hnmon. 

There is another feature of this conglomerate no less peculiar ffam 
the shapes of the pebbles. The ridge is divided by perpendicular 
fissures or jotnU running east and west and parallel to one another, 
from a few inches to many feet apart Sometimes the rock between 
two of these perpendicular planes is removed, as in the ezcavatioa 
called Purffoioty. This chasm runs about east and west at right ang^ 
Co the coast ; is from eight to ten feet wide, thirty-six feet deep on one 
side, and forty-four on the opposite side. It is a number of rods in 
length. To the south of this there is a smaUer purgatory in prooeas of 
formation. Dr. C. T. Jackson says that this chasm was once filled up 
by a trap dyke, of which he found a ** small portaon remaining in the 
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sonth [west] end of the rent, to attest its former presence ; ** and that 
the djke ^ has been worn awaj by decomposition and bj the mechan-* 
ical action of the sea below." The southern extremities of the different 
ranges of conglomerate are terminated by these joints abruptly, so that 
steep walls are presented to riew, where the bisection of the pebbles is 
seen in a striking manner. 

An examination of a single joint shows three things ; 1st The suiv 
faces of the rocks upon both sides of the joint are perfectly smooth, as 
if they had been glazed rather than polished by friction. 2d. The peb- 
bles are cut in two, or the larger ones into several pieces by these 
joints ; insomuch that the parts of the pebble may be taken out of the 
ledge and placed together end to end to show that they make but one 
pebble. The joints appear just as if a Titan had slashed through the 
ledges with an immense scimetar. 3d. The rock has not been moved 
since the joints were produced* Each pebble fits exactly without the 
■lightest displacement^ to its corresponding part upon the opposite side 
of the fissure, unless it be an occasional mass disturbed by an injected 
vein, or has been moved recently by frost or the waves. In some 
places these joints are occupied by veins of white quartz. 

These pebbles must have been distorted and elongated since their 
deposition and subsequent consolidation as conglomerate. No one ever 
sees such unnatural shapes or such a parallel arrangement of boulders 
along any uhare at the present day, and there is no reason why they 
ahonld have been thus deposited in Palieozoic times. If the pebbles 
have been elongated and curved since their deposition, then the whole 
rock must have been in a plastic or semi-plastic state after its consoli- 
dation. Our theory in regaid to the origin of the forms is, then, that 
owing to an elevated temperature — perhaps at the bottom of the 
ocean — the conglomerate became soft. Elevating agencies plicated 
the strata, and the tension produced by the curving of the strata, and 
the force of the lateral pressure, elongated and flattened the pebbles. 
The finer particles, or the cement, by the same process, were altered 
into talcose sehist This process is essentially that of the metanunv 
phism of all the azoic rocks of New England. It but just commenced at 
this locality, so that we learn from these facts, not only the origin of 
the distortions, but the mode of metamorphism in generaL* 

' " ■■ I II -I I ■ ■! I I I II 11,1111 11 I . I - . .1 I ■ llil.l ■ 1^ M.., p....,l, l.i I 1..,^ 

* This object will be very fully dereloped by mj father in the forthcoming 
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Probably when the rock was plastic the joints were prodaoed by 
feeble galvanic currents permeating the mass in consequence of the 
chemical decompositions and recompositions caused bj the conveisioii 
of sandstone into schist In other words, the process may be the same 
as the origin of joints in schists or of deavage in slates. 

The position of the strata of this conglomerate is very interestipg 
because it throws light upon the origin of the distorted pebbles. The 
strata are a succession of small folds, — there being more than six anti- 
elinals in the whole belt of rock. The best place to examine these 
conyolutions is on the shore of the point, proceeding southwest from 
Purgatory. At Purgatory the strata are rather obscure, as they are 
composed principally of large pebbles, — yet they seem to dip to the 
west in general at a high angle. An isolated ledge in the ocean east of 
the range dips to the east at a less angle. Passing to the end of the oon* 
gbmerate, the observer will pass over four or five similar folds, eveiy 
one of them having the eastern slope moderate, and the western slope 
much steeper. We have never seen a locality where the folds are so 
numerous over so short a distance. Without examining the two ranges 
of hills of this conglomerate carefully, we have concluded that thej are 
separate folds. Certainly there is a fold to the east of Paradise, which 
may be traced along the east coast of Middletown, between Sachaest 
Beach and Taggart's Ferry. 

These folds correspond beautifully to the normal curves of the Mid- 
dle States described by Professor Bogers, as well as to anticlinal axes, 
more or less all over the globe. It is an important &ct also, that 
wherever the strata have been crumpled and bent or fractured, the 
greatest amount of heat has manifested itself, either in igneous erap* 
tions, or quiet metamorphism of rocks. So here, the metamorphie 
action has been most powerful where the folds are numerous. 

There is a difficulty in comparing this conglomerate with synchro- 
nous deposits elsewhere, because of the uncertainty with respect to 
the age of the rocks beneath, and the absence of the usual Carbonifer- 
ous limestone. It may correspond to the millstone grit of England, or 
more probably to the sub-carboniferous conglomerates of New York 



Beport on the Qeology of Vermont. Localities of conglomerate, eyen more 
altered than the example at Purgatory, are foond in the towns of Wallingford aad 
Flymoath in that State. 
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and FennBylTania. Yet in none of those localities are there conglom- 
erates containing such immense or distorted pebbles* The parent rock 
from which the pebbles of quarts in this belt of conglomerate were 
derived is unknown. There is a large amount of quarts rock west of 
this coal basin in north-eastern Rhode Island and the adjacent parts of 
Massachusetts, which may have been the source of some of them.* 
But more probablj the original rock is now entirely worn away, or 
covered up by some newer formation, or, still more probably, metamor- 
phosed into some azoic zock< 

There is more history in one of these pebbles than one not fiimiliar 
with the science of the earth is apt to imagine. This pebble is a con* 
stituent of a coarse conglomerate. Of course, then, the pebble was 
once a part of a rock somewhere else ; from whence it has been torn 
and dragged unwillingly along to its new resting-place by ruthless, un- 
sparing agencies. But this pebble is itself a sandstone. Therefore 
before it was torn from this original ledge, it existed on the shore as 
sand unconsolidated. Whence the grains of sand ? They were de- 
rived from many different ledges, and have been worn and crushed ages 
before the sand was consolidated. And hence we have the history of 
these earlier ledges to trace out But it is impossible to say whether 
these earlier ledges were stratified or igneous ; whether they formed 
the original crust of the globe, or whether the cyde of formation and 
removal has been undergone at other times. But it is certain that the 
exact constituents of this pebble have been parts of ledges in three 
different geological periods. 

Similar deposits in JBastem Massaehusetts, -<- Along the borders of 
the Massachusetts and Rhode Island coal basin this conglomerate is con- 
spicuous. Upon the east side it is found in Tiverton, B. I., Fall River, 
Somerset, Swanzey, Dighton, and Berkley, Mass. Upon the west side 
of the basin it is found in Warwick, Cranston, Providence, B. I., and 
further to the northeast in Massachusetts. Jackson says that instances 
of this coarse conglomerate may be seen all along the road from Prov- 
idence to Roxbiuy, Mass. 



* Professor W. B. Rogers showed specimens of pebbles taken from this con- 
glomerate, as it appean at Fall Biver, containing fossils of Lower Silurian age. 
This shows ns the age of the rocks from which the conglomerate was derived. We 
hope the paper will be published in the Proceedings of the mwting. 
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It appears to be certain that this conglomerate overlies agrittjedust 
or sandstone, and is itself overlaid by the varioas slates of the coal 
measures. Perhaps this order of succession may assist us in compariDg 
this basin with two small Palaeozoic basins in Eastern Massachasetts. 
The most distinct basin is in the vicinity of Boston, separated from the 
Newport basin hj syenite. The order of succession is the following: 
Underlying syenite, Braintree slate, containing Paradoxides Harlani, 
grits, sandstones, and a few beds of conglomerate, clay slate, congknn- 
erate closely resembling that at Purgatory, as in Roxbury, Dorchester, 
Brighton, etc, and upon the top of the whole, the old gray wacke and 
day slates. As there are no fossils in the upper part of the Bos- 
ton basin, it may be presumptuous to suggest that the Boxboiy con* 
glomerate is equivalent to the Purgatory conglomerate, and the OTe^ 
lying rocks to the lower part of the coal measures. 

In Hingham, upon an eastern spur of this basin, the order is shnOar. 
First above the syenite is a slate which is litholo^cally the same as the 
Braintree slate, then the conglomerate, and lastly the overlying slates. 
This Hingham conglomerate contains some immense pebbles of sjenite; 
also pieces of green and red porphyries and other unstraUfied rocks,— 
an interesting fact to prove that the syenite is pre-silurian. 

There is a very small Palaeozoic basin in Essex county, in the towns 
of Rowley and Newbury, along Parker River. The order of rocb is 
the same as at Hingham, — a narrow strip of slate, sometimes entirely 
disappearing, next the syenite, then coarse conglomerate, and above all 
the slates and schists. In this basin the rocks dip to the north miiver* 
sally, and consequently they appear to dip under the syenite. Bat 
there is a suggestion worthy of note, which may render probable an 
inversion of the strata upon the north side of the basin. At Hingham, 
as suggested by Mr. T. T. Bouv^, the conglomerate is gradoallj 
merged at certain localities into red jasper, — as if the pebbles had 
been fused, — that is, the conglomerate rock is metamorphosed into red 
jasper and porphyry. Similar appearances occur at the south part of 
the Parker River basin, where we found it difficult at first to decide 
whether a particular rock was conglomerate or red jasper. At the 
north side of the basin there is a thick bed of jasper, and we would 
suggest that it is the result of the alteration of the conglomerate ; moi« 
easily altered because of its unnatural position. On this suppositioo, 
the same rock is found on both sides of the basin. Perhaps the sug* 
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gestion that ibis conglomerate is equivalent to the conglomerate at 
Purgatory will be considered too hypothetical for belief, — yet to us it 
seems probable. 

Fio. c. 




AcfiMi at ClU ttmth «nd o/Aqmdtudlf IdamL 

Fig. c Ulostrates the position of the different rocks in the south part 
of Aquidneck Island.. The measurements of the strata are all upon 
the route of this section.- The east end is at A, at Sachuest Point, and 
the rocks are the lower grits and schists. Purgatory is at B, and two 
plications of the first conglomerate are exhibited in the sketch as a 
sample of the six or seven that inay be found ther^. The schists and 
slates No. 3. are at C. At D the second conglomerate shows itself, 
terminating westward at the east end of Easton's or the ^ first beach "^ 
E. At F the coal measures appear in a high bluff. At I is a bed of 
coal. The figures 1, 2, and 3 denote localities of fossil plants, to be 
mentioned hereafter^ The city of Newport is at 0. At 6 is the third 
conglomerate, which occurs at Newport Neck, and is therefore a little 
out of the proper Hne of the section. The granite and protogine are 
represented at K. L represents silicious slate, with a few seams of 
serpentine. M M represents the beds of dolomite cropping out in the 
two islands of dolomite and near Fort Adams. Fort Adams is at N, 
where may be seen also the upper part of the coal measures dipping 
east. 

3. Schists and slaUs west of Purgatory, — The conglomerates at 
Purgatory are very much contorted as they pass beneath the slates to 
the west. The transition from conglomerates to schists is gradual ; in 
fact, there are several beds of conglomerate intercalated at intervak in 
the schists. For quite a number of feet it is impossible to estimate the 
thickness of these slates, bf cau^e the small flexures are so numerous, 
and the cleavage is sometimes perplexing. The section which is given 
below was measured along the shore of the point south of Purgatory, 
and will represent both the variety and the thickness of the different 
layers. The enumeration comimences with the lowest stratum, and 
proceeds upwards : 



120 B. VXTVtLAL BI8T0BT* 

Soft taloose schists, and a few seams of claj slate • • » . 46 ft. t fa. 

Talcose and novacullte schists, dip 10^ W 80 ft. 8 is. 

Ck>nglomerate 8 ft. 

Schists 12 ft. 

Whetstone schists and talcose grits, comigated by the action of the waves 55 ft. 6 is. 

Conglomerate 9 ft. 

Talcose schists and grits, N. 20<' E., dip S0<> W 19 ft. 

Grits 87ft.6ia. 

Koyacnlite schists (a tolerably good hone-stone) . . . SI ft. 

Whetstone schists, dip d40 W 17ft. 

Grits, sandstones, black shales 4ft.3]iL 

Fine conglomerate and grits, dip 3P W 9 ft. S is. 

Whetstone schists and gnj grits, dip 24« W. 18ft. 

Conglomerate • . « * • 4ft. 

Mica schist » ... 10 ft. 

Conglomerate containing an nnnsaal amount of talcose cement . .15 ft. 

Gray grit, dip 38<» W 15 ft. 

Measures concealed . .48 ft. 

Mica schist, dip doo W. 6fti 

Soft black slate, dip SQO W. . . . . . « . . 8ft. 

Light-colored mica schist, containing small grains of sand or small peb- 
bles, N. 20o £., dip 620 W 84 ft. Sin. 

The total thickness of these strata 18 473 ft. lis. 

4. Second OonghmeraU. — - Alluvial deposits cover so much of the 
island, that only a small part of the second deposit of oooglomerate 
is exposed to view. Upon the map the coal measures are represented 
as surrounding the conglomerate; but this is done because the rock 
was covered with soil. We found an excellent exposure of the diiGfer- 
ent layers, however, along the coast, southeast of Easton's Beach, wd 
directly succeeding the slates No. 3 on the west. This conglomerate ii 
composed of the same materials as that at Purgatory, but the pebUes 
are much smaller, and only in a few cases are distorted or elongated; 
and beds of grit and schists are more common. The following sectioii 
gives the particulars, commencing at the base as before :^^ 

Conglomemte, dip 620 W. 14 ft. thick. 

Brown grit IS ft. 

Conglomerate and sandstone Sft^eia. 

Conglomerate 9 ft. 

Black grit • . • 3 ft. 

Conglomerate 17 ft. 

Daris gray grit. Sft.6hL 

Conglomerate Sft.3io. 
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Grit and conglomerate •4ft. 

Black slate 3 ft. 4 in. 

Grit and conglomerate 8 ft> 

Compact black slate, N. O)® E-, dip 62© W 80 ft. 

Conglomerate ; ... 51 ft. 

Conglomerate and grit 12 ft. 

Conglomerate 54 ft. 

Black compact grit, interlaced with delicate white qaartz threads . 1 ft. 

Gray grit 10 ft. 

Conglomerate, N. 250 E., dip 70® W 6 ft. 

Black grit and seams of sandstone 15 ft. 

Conglomerate 9 ft. 3 in. 

Very hard black slate, N. 25c> E., dip 420 W gf);. 

Hard black shite, dip 48^ W 26 ft. 8 in. 

Conglomerate 10 ft. 

Measures concealed 7 ft. 

Conglomerate 18 ft. 

Measures concealed 21 ft. 

Conglomerate 6 ft. 

Measures concealed 48 ft. 7 in. 

Grit and conglomerate 15 ft. 

Measures concealed 20 ft. 

Dark grit 3 ft. 

Coarse conglomerate 12 ft. 

A synclinal axis is now reached, and the last 155 feet 7 inches of 
the section are repeated, dipping to the east. This brings us to the 
east end of Easton's Beach, where it is impossible to examine the suc- 
ceeding strata as thej are deeply seated beneath the sand. The con- 
glomerate may be seen stretching to the northeast upon the west side 
of a long hill, — hence it cannot connect with the conglomerate upon 
Miantonomah Hill, to be described presently as an upper bed, and the 
third conglomerate. The total thickness of the second conglomerate ifi 
464 feet and one inch. 

We suppose that this conglomerate turns again and dips beneath the 
slates on the west side of the beach. When last seen the dip is only 
5^ E., and the undulation seems to be a local affair^ Estimating the 
length of the beach at 2,690 feet, and the westerly dip of the under- 
lying rocks at twenty-five degrees, the thickness of these concealed 
measures is 920 feet. They probably belong to the coal measures. 

5. Goal Measures, — We now have arrived at the rocks which com- 
pose the greater part of the island. The chief varieties of rock are the 

VOL. XIV. 11 
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following : 1. A dark colored slate, or slaty clay, often mnch indurated, 
and more or less charged with carbon. This is generally in the 
vicinity of beds of coal ; 2. Beds of anthracite and plumbago ; 3. A 
hard slate, usually of a taleose green color, but embracing also eveij 
other shade of green, which does not appear to be taleose, micaceoosy or 
argillaceous; sometimes it is micaceous. This is the most eommon 
variety of rock in the coal measures ; 4. Grits and sandstones, both 
compact and easily decomposing ; 5. Conglomerates made np of peb- 
bles of slate. This is quite distinct in lithological character from the 
conglomerates already described. 

The following is the succession of strata from the west end of Eas- 
ton's Beach to the third conglomerate in the south part of Newport : — 
Carbonaceous slate, N. 10"^ £., dip dO"" W. ten feet 

Among the debris fallen from this and the two or three following 
beds are fragments containing the following species of plants. We sup- 
pose that they originated from the preceding stratum. They are: 
AsterophyUttes suUavig, Lsqz.; Pecopteris arhorescenSj Brgt ; Jnnularia 
sphmophyUoideSy Brgt; AphUhia; n. sp. Pecopteris {AUthopierU) 
unitOj Brgt. ; P. affinis^ Brgt (now for the first time found in North 
America) ; SphenophyUum emarginatum, Brgt ; SphenophyUum scMo- 
theimitf ^temb. ; Sphenopterts, n. sp. ; and AnntUaria fertilise Stenib. 
This is the locality No. 1, in Fig. c. 

Conglomerate made of pebbles of aigillo-micaceons slate . . 16 ft. 

Carbonaceoos slate and conglomerate 3 ft. 6 in. 

Carbonaceous slate, dip 40<> W 19 ft. 

Conglomerate from 3 to 9 feet thick. Average 6 ft. 

Black friable carbonaceoas slate, dip 48^ W 17 ft 4 in. 

In this slate there are namerous perpendicular veins of white qnartz. 

Conglomerate of slate pebbles lift 

Gray sandstone lift. 

Black friable carbonaceons slate 10 ft. 6 in. 

Conglomerate 7 ft. 

Qray sandstone 7 ft 

Gray sandstone and black slates 12 ft. 

Micaceons slates 20 ft 

Hard mica schist, N. 10® E., dip 30o W 16 ft. 

Shales and sandstone 8 ft. 

Hard mica schist 12 ft 

Taleose schist 10 It 

Conglomerate fidl of white qnartz veins, thinning out soatherly , 16 ft 
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Black shales and sandstones » 12 ft. 

Buhrstone ' • 3 in. 

Black shales 6 in. 

Black sandstone, yery evenly bedded, dip 37^ W 15 ft. 

Greenish sandstone 7 ft. 3 in. 

Black slate, dip 1 80W 23 ft. 

Sandstone, coirngated by the snrf 12ft. 

These rocks are penneated by dearage planes, dipping west. 

Sandstone and schist 28 ft. 

Green shales 6 ft. 

Coarse conglomerate 17 ft. 

Sandstone 1 ft. 6 in. 

Black slate 8 ft. 

Shales and sandstones, dipping 250W .4ft. 

Gray sandstone 4 ft. 6 in. 

Conglomerate 12 ft. 

Gray sandstone 8 ft. 

Slates 5 ft. 6 in. 

Conglomerate 8 ft. 

Green slate, very friable 10 ft. 

Green slate, more compact 3 ft. 

Soft talcose schist 8 ft. 

Slates lift. 

Shales, very friable 5 ft. 7 in. 

Alnminons shales 3 ft. 

Conglomerate 11 ft. 

Alnminons shales 8 ft. 

Blackshales 9ft. 

Conglomerate, thirty feet, in which there have been slides, so tliat 
beds of black slate have been removed from their original position, and 
are now situated like injected veins which have been cat off by other 
injections. There are many small contortions of strata at this point in 
the section. 

Black slates 9 ft. 6 in. 

Conglomerate 6 ft. 

Glazed black slates 3 ft. 6 in. 

Green sandstone 14 ft. 

Light green talcose schist . . 15 ft. 9 in. 

Conglomerate 30 ft. 

There is a fold here, the rock dips 62® E., running N. 10^ E. This 
is north of Ochre Point There are several small faults in the strata 
just described, sometimes showing a dislocation amounting to twenty 
feet Passing over the fold the first rock above the conglomerate is 
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AJUered conglomerate 9 ft. 

Whetstone taloose schist 14 ft. 

Conglomerate oontuning elongated pebbles, somewhat resembling the 

Purgatory conglomerate S3 ft. 

Schist and conglomerate 4 ft. 

Soft talcose schist, dipping 40<> W 8 ft. 

Ck>nglomerate, Ochre Ft 8 ft. 

Slates 4ft. 

Another small fold appears here. 

AboTC the repeated rocks are slates, sandstones, and conglomerates, dip 

160 W 25 ft. thick 

Next there is another long wave or fold of the strata, at the west 
end of which there is a bed or vein of quartz 18 feet thick, ronoing 
N. 20^ W., and dipping 20^ S. W. 

The rocks in this last wave correspond in lithological character with 
the rocks overljing and displaced bj the granite at Sheep Point. Sap- 
posing the horizon to be the same, we continue the section from near 
Sheep Point The granite would naturally act along the line of strike, 
and hence it is that the strata are disturbed about Ochre Point. 

Bocks mosflj concealed, about 50 feet, containing Peccpteris nervosa, Brgt 

Shales 25 ft. 

Shales containing Alethopteris PhicknOi, Brgt., and NeuropUris tenmfiUa, 
Brgt S5ft 

This is locality No. 2 in Fig. c. 

Shales and anthracite S ft. 

Carbonaceoos shales . . 10 ft. 

Shales and anthracite 4ft 

Sandstone 6 ft. 

Gray shales 15 ft 

Sandstone, about 18 ft 

Carbonaceons slates 20 ft 

Impure anthracite 1ft 

Carbonaceons shales 19 ft 

Shales 2Sft 

Conglomerate 4ft 

Shales . . . . 15 ft 

Gray sandstone 6ft 

Yexy friable black shales 32 ft 

Conglomerate Sft 

Black sandstone, running N.20OE 9ft 

Anthracite 1ft 

Fine sandstone 2ft6iB. 
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Shale containing the following plants (two feet thick) : AtterophyU 
lites suhUsvis, Lsqx. ; Pecopteris arborescent, Brgt. ; AnnulariaferttHif 
Sternb. ; Neuropterts, n. sp., allied to N, Grangeri, Brgt. ; Lepidoden- 
dran, Pecopterts (Alethopteris) tintVo, Brgt ; P. derUata, Brgt. ; P. 
eycUhea (?) Brgt. ; Sphenapteris eleganSy Brgt. ; AnntUaria sphenophyU 
hides, Brgt. ; SphenophyUum schlotheimu, Sternb. ; Oyclopteris, n. sp. ; 
Lepidodendron (Sagenaria) dichotomum, Sternb. ; Sphenopteris inter* 
media, Lsqx. ; Pecopteris argutct, Brgt. ; P, areapteridis, Brgt ; and two 
indeterminable species of Pecopteris, This is locality No. 3 in Fig. c. 

Anthracite 6 in. 

Black shales, sometimes gritt/ * . 20 ft. 

Anthracite 1ft. 

Shales and slates 6 ft. 

Further to the north, and probablj overlying the preceding; is the 
following order of strata : 

Carbonaceons shales containing numeroos bnnches of antfaiadte 16 ft. 

Mica schist 9 ft. 

Carbonaceoas shales, containing three inches of anthracite . . 24 ft. 

Sandstone, containing nodnles 8 ft. 

Carbonaceons shales with anthracite 19 ft. 

Dark mica schist IS ft. 

Black slates, dip 240 W 20 ft. 

This point in the section brings us to the grounds of Mr. Barreda. 
From thence westward (or upwards) the rocks are mostly covered by 
drifl, so that we could not measure them bed by bed. The total thick- 
ness of the rocks upon the section jast enumerated, between £aston's 
Beach and Barreda's, is 1,091 feet and 2 inches. 

Upon Pope street in Newport there is an abandoned quarry of mica- 
ceoas schist. The strata run N. 20** E., and dip 28^ W. They are 
somewhat contorted. A similar rock is exposed upon the north side of 
. Levin street Estimating the distance from the last point of measure- 
ment to the third conglomerate as 3,155 feet, and the average dip of 
the strata as 30^ W., the thickness of the strata would be 1,577 feet, 
making the total thickness of the strata between the second and third 
conglomerates to be 3,588 feet and 2 inches. 

In the west part of Newport the strata dip east, as they are upon 
the west side of a synclinal axis. The synclinal line lies along the 
junction of the metamorphic with the unaltered slates. Upon Price's 

11* 
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Neck, the rock is an indurated bluish slate, whose cleavage planes are 
unusaallj far apart It is overlaid bj a similar rock, but containing some 
decomposing substance, rendering the color grej. To the west of thii 
jock the slate is very finely divided bj cleavage planes, and is quite 
sod and friable. Half a mile west of Price's Neck, along the shores 
there is a dyke (?) of a decomposing greenish rock, overlaid by a veia 
of white quartz from six to ten inches thick. The surface of the quartz 
is fluted. In the rock west of this there are innumerable nodnlea of 
white sacdiaroid carbonate of lime, running N. 83^ W., and dif^ung 
22^ E. Some of the ledges abound in cavities from which the lime 
has been removed by the dissolving action of the waves. 

The rocks upon Castle Hill are green and dark brown filiaIag|,oifteB 
somewhat indurated, running N. 42° E., and dipping 28° S. C Be- 
tween Castle Hill and Fort Adams similar rocks occur, dipping at first 
20° and then 15° S. E. Within the fortress beneath the parade ground 
the position is the same. 

In the north part of Newport these greenish slates appear at Fort 
Green, Malbone Garden, Bose Island, Gull Bock, the south end of 
Coaster's Harbor Island, and Bishop's Island. In Middletown, most 
of the surface is covered with alluvium; but the usual strata of tlie 
coal measures were noticed In several places ; as near an ancient foti- 
fication north of Gleason's Pond, north of Miantonomah Hill, and near 
the geographical centre of the town. Ledges are more abundant in 
Portsmouth. In the southwest part of the town, a small stream has 
worn through strata of mica schist and sandstones, producing a ]^e- 
turesque gorge in what is called Lawton's Valley. Between this goige 
and the Aquidneck mine ledges of slates and sandstones are Gommoo, 
having quite variable positions, but with a general easterly dip. Bat 
all the ledges on the east side of the town dip to the west, thus forming 
a synclinal axis. At Black Point there are black carbonaceous shales, 
slates, and fine-grained sandstones, running N. 30° E., dipping 29° W., 
and permeated by cleavage planes dipping 62° W. 

Butts Hill is the site of ancient fortifications, and is in the trough of 
the synclinal, as the strata dip towards each other on the opposite sides 
of the hill. The rocks are the usual coal measures of the island. The 
coal formation does not extend to the extreme north part of the town, 
for ledges of granite show themselves there, and the junction of the 
two rocks is obscured by alluvium. 
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Beds of OoaL — The only bed of ooal in the whole of this basin in 
Massachusetts and Rhode Island that is mined, is in Portsmouth, at 
the Aquidneck mine.* This is in the north-west part of the town, and 
has been worked for manj years. The strike of the strata and the 
bed is somewhat east of north, and the dip of the bed now wrought is 
from 28^ to 35^ south-easterlj, the dip being greatest at the surface. 
There are three beds of coal, of which chiefly the middle one has been 
worked, which averages from two and a half to three feet in thick- 
ness -— the other beds being generally but a few Inches thick. The 
succession of strata in an ascending order is this : sandstone, carbona- 
ceous and day slates, five feet ; the three beds of coal, separated by 
narrow seams, carbonaceous slates, five feet, and overlying the whole, 
strata of sandstone. 

From Capt William Cobb, one of the proprietors of the mine, t 
learn that upon the west side of the synclinal between the Bay and 
Butts Hill there are eleven different beds of coal, all of which are 
covered with soil. Aquidneck mine is situated upon the eighth bed in 
(he order of ascent from the Bay. Accompanying each bed are one or 
more ^ leaders " or small seams of coal. The three beds at the mine 
Capt Cobb considers as one bed with two leaders. The three upper 
beds are about two hundred feet distant from one another topographi- 
cally. 

The thickness of the coal bed which is. worked varies from one to 
twenty feet in consequence of plication of the strata. There are undu- 
lations in the beds, and these bunches of coal are accumulated where 
the pressure was least. These foldings do not run either perpendicular 
or parallel to the direction of the strata, but obliquely to it Hence, 
when a thick mass of coal is reached, it passes into the earth between 
the strata in an oblique direction, and the axes of all the other convo- 
lutions will run parallel to it We examined the direction of some of 
these folds, and found them to run N. 62° E., and N. and S. In these 
cases the force was from the east or southeast In other parts of the 
mine the direction is different — indicating a force from the N. £. or 
S. W. Hence we suppose that the forces operating upon this bed 
have been exceedingly complicated. The phenomena are such as to 



* This if now esUed the Moont Hope mine. 
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make it appear as if the strata had been crowded into a tight place, so 
that really the forces of distarbance came from every quarter. Yet 
there are no extensive faults. A few small ones appeared, but none 
greater than four or five feet 

In consequence of these pressures, the coal has been much cmshed 
and broken, so that when dug out it crumbles and produces a great 
deal of fine coal. The coal is heavier than the anthracite from Penn- 
sylvania, and contains a larger proportion of carbon. 

The Mt. Hope mine has been worked successfully for a number of 
years. It is now seven hundred feet deep, and there is a large number 
of gangways and openings, branching out at different levels. The 
mouth of the mine is not more than twenty feet above the ocean. 

Upon the opposite side of the island is Case's mine, the opening of 
which is now entirely closed up. Dr. Jackson states that the strata 
here run N. N. E., S. S. W., dipping to the W. N. W. 15^ to 20<»; 
and that there are three beds of coal, one of them being thirteen feet 
thick. 

As these two beds of coal (Mount Hope and Case's mine) are upon 
opposite sides of a synclinal axis, and dip towards each other, the ques- 
tion arises whether they are not outcrops of the same bed upon the 
two edges of the basin ? Dr. Jackson estimates the amount of coal in 
Portsmouth upon the supposition that they are the same bed. But we 
are not satisfied that the beds are the same. For the synclinal line is 
on the top of Butts Hill, which is 5,172 feet from Mount Hope mine, 
and 2,828 feet from Case's mine. Moreover, the dip of the form^ 
mine is greater than that of the latter. Hence, unless there has been 
a disturbance in the strata of great extent, it is impossible for these 
two beds to belong to the same stratum. The Mount Hope bed should 
reappear east of Child's Wharf in the strait, and Case's bed shoald 
crop out on the west side of Butts Hill.* 

^ For want of time we did not trayene the region between these two beds ; sad 
without digging a deep trench throagh the soil, we apprehend it wonld be diffi- 
cnlt to decide which one of the eleven beds of the Mount Hope aeries corresponds 
to the one at Case's mine. The latter mine, with the adjoining rocks, is entirely 
covered up with soil, so that it is impossible to decide the question by the aid of 
the peculiar vegetation associated with the coals. We suspect from one or two 
previoos observations of geologists, which in their present form do not harmonimy 
that there are two sjnciinals instead of one, ^ or one syoduMl and the west side of 
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The Mount Hope bed has been traced northerly nearly to Bristol 
Ferry. There is said to be a bed of plambago half a mile south of 
Bristol Ferry, which must be upon a* different layer from the Mount 
Hope bed. Probably both sets of beds will hereafter be traced around 
the north end of Portsmouth, so as to unite. The soil in that yicinity 
is thoroughly charged with carbonaceous matter, as if from the disinte- 
gration of coaL The allnyinm forms quite a thick covering, so that it 
is impossible without cutting trenches to know the position of the coal. 

Some small coal beds have been found in other parts of the island. 
On Quaker Hill, in Portsmouth, a small coal bed was struck a few 
years ago, but was not worked. Between this hill and Newport the 
Tocka are concealed, but we have reason to believe that this bed upon 
the east side of the synclinal axis is continuous through the island. At 
least coal occurs in two localities in Newport, one upon Green Lanie in 
the north part of the city, and the other upon Newport Neck, upon the 
estate of Mr. Francb Barreda. The latter consists of several small 
beds of impure anthracite, associated with coal plants, and presenting 
their edges to the sea. They were first opened by the British during 
the Revolutionary war, but were not found to be profitable. 

The general structure of the coal measures upon Aquidneck Island 
is that of a synclinal axis. The greater part of its west edge is worn 
away, but in the north part of Portsmouth, and the south-west part of 
Newport below Fort Adams, and on the islands in Newport Harbor, 
enough of the easterly dip remains to show the structure. 

For the age of the coal beds we refer to another paper read at this 
meeting, and published in this volume, entitled, Synchnmism of Coal 
Beds in New England with those in other North American Coal 
Basins. 

6. The third Conglomerate. ^^There are only two deposits of this 
bed upon the island open to view, and these probably are connected 
together beneath the soil and water. The most northern of them is at 
Miantonomah Hill and Coaster's Harbor Island. Miantonomah Hill 
is capped with a conglomerate, with an occasional seam of slaty sand- 
stone. The strata are nearly horizontal, some dipping a few degrees 

another. For one observation is, "the rocks at Case's mine dip W. N. W. 15^." 
The other, "the rocks at Case's mine dip S5<> 8oath-«asterly." Obyioaslj two dif- 
ferent localities were in mind, yet not widely separated from each other. 
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east, and others a few degrees west The pebbles are mosdj quarfz, 
cemented by sandstone, but of much less size than those at Purgatorj. 
The largest pebble is three feet in diameter, and their average length is 
about two inches* None of them are distorted, but we noticed a few of 
the peculiar joints cutting through them at right angles, as at Porgatoij. 

There is another ledge of coarse conglomerate between the top of 
the hill and the harbor, but nothing of special interest could be learned 
from it There is a fine development of this conglomerate upon 
Coaster's Harbor Island, upon which the almshouse is situated. Most 
of the rocks upon the island are purely conglomerate ; and some of 
the ledges are a mere collection of pebbles with scarcely enough of t 
cementing substance to hold them together. None of them are distorted 
or elongated. Upon the west side of the island the strata are plicated 
and a beautiful little anticlinal axis is displayed, exhibiting the con- 
glomerate gracefully folding over strata of green slate. It is not est- 
tain that these strata of slate are other than constituent parts of die 
conglomerate, as at the south end of the island the conglomerate dis- 
tinctly runs under a great mass of the slate. 

The most interesting fact observed upon the island was the di»> 
covery of small masses of anthracite among the pebbles, thus confirm- 
ing the observed stratigraphical position of the conglomerate ; that is, 
superimposed upon the coal measures. From its position in reference 
to beds of coal it may not improbably be the equivalent of the Makam" 
ing sandstone of the West Its thickness we have estimated to be at 
least fifty feet 

The other locality of this conglomerate is in the south part of New- 
port, lying nearly in coi^junction with the granite. We found it on the 
east side of Almy Pond in two places. In the most northerly locality 
the pebbles were not large, and were intermixed with carbonaceous 
shales. Further south the pebbles were very large and have been dis- 
torted into the most uncouth shapes, — * very much more than the peb- 
bles at Purgatory. This is explained by its proximity to the granite. 
The thickness of the whole deposit may have been greater than 
our estimate, because in one case the upper part may have been 
removed by erosion, and in the other by becoming metamorphosed 
into granite. 

7. Metamarphic Socks. — Between the metamorphic slates and the 
coal measures, there is a mass of granite which must have been formed 
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subsequently to the deposition of the metamorphic rocks, though not 
subsequent to their alteration. Hence we rank the metamorphic slates 
as the older of the two. 

These metamorphic rocks consist of silicious slate, chert, and jasper. 
There are two patches of these rocks, both in immediate proximity 
to granite. They do not differ from the common rocks of the coal 
measures in mineral composition, but they do in hardness and want of 
divisional planes. A series of specimens may be obtained illustrating 
every variety of compactness from jasper or silicious slate to ordinary 
day shite or sandstone, — and the change from the original character 
decreases from the granite outwards. But only those parts of the 
slate which overMe the granite are affected, unless, perhaps, part of the 
smaller bed of altered rocks. 

The metamorphic rocks resist decomposition greatly, and it is com* 
paratively easy to trace their Ihnits by noticing where the ledges are 
prominent, and where very little soil has accumulated. The south- 
west part of Newport, for this reason, is a perfect paradise of ledges. 

The largest mass of silicious slate lies between the city of Newport 
and Fort Adams, and is about three fourths of a mile wide, and over a 
mile in length. The other locality is between Bough Point and Mr. 
Barreda's estate. The belt runs transversely across the strata, is 
towards half a mile in length, and 1,584 feet wide according to the 
measurement of Dr. Jackson. 

Serpentine. — Among these altered rocks near Fort Adams there 
are seams of serpentine, barely separated from the granite by a belt of 
the flinty slate. At its eastern extremity it seems to be stratified. It 
is compact, very hard, and may easily be mistaken for greenstone, as it 
is of a very dark color. 

DolomUic lAmestone. — Near Fort Adams, upon the shore of the 
harbor, are two beds of dolomitic limestone, running N. 50^ £., and 
dipping S. £. about 40^. One of them is forty-five feet wide, the 
other fifteen feet. The limestone is variegated, being tinged with red, 
green, brown, or buff color. Occasionally the limestone is brecciated, 
and numerous ramifying veins of quartz traverse the whole, checking 
it in various ways. 

There are two islands in the harbor entirely composed of this rock ; 
the larger 210 feet long and ninety feet wide, the smaller about half 
as large. No planes of stratification were found, but there was a sys- 
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tem of joints somewhat resembling strata, dipping 49° W. This lime- 
stone has been burned, and produces a valuable water cement. 

We suppose that these two islands of limestone correspond to the 
two beds upon the shore, and that they are upon opposite sides of the 
same synclinal axis. There must also be an abundance of limestane 
in the rocks about the city, because the water from the wells is very 
hard. Probably the carbonate of lime is distributed in small nodoks 
through the strata as they are in several other localities npon the 
island. 

8. Granite and Protogine. — The granite in the sonth part of New- 
port is partly granite proper, and partly protogine, only that the tale of 
common protogine is replaced by chlorite. Some of the felspar of 
the protogine is greenish in color. Probably the east part ci the 
granite is protogine, and the west part common granite ; bat we did 
not examine the distribution of the two carefully enoi^h to separate 
them upon the map. Much of the granite is very finely grained,— so 
much so as to resemble red sandstone. 

Numerous joints are found in these rocks. Near Newport they nm 
N. and S., and dip 66° £., and very closely resemble phuies of strati- 
fication. Other directions in the vicinity are the following: N. 20° W., 
N. 50° E., dipping 29° N. W., and N. 75° E., dip 70° S. In another 
locality they run N. 70° E., N. 20° E., and N. 45° W., all of whidi 
are perpendicular ; others dip 65° S. and 65° N. Barely fragments of 
slate are found imbedded in the granite, especially near the boundaiies 
of the rock. 

There is a coarser variety of the protogine found at the extreoie 
south end of Newport, and extending north as far as Bough PoiDt. 
This is probably connected directly with the larger mass to the west. 
At Coggeshall Ledge there are occasionally numerous large crystals of 
felspar, scattered over the ledges, making the rock porphyritic, and 
presenting a peculiar checkered appearance. There are also nodular 
masses or veins of chlorite at the same locality. Large dykes of quartz 
rock and fine-grained granite are finely exhibited here also, presen^g 
interesting examples of veins slipped from one plane to anolher 
repeatedly. At the Dumplings on Conanicut Island, granite appears 
again in connection with metamorphic slates. The granite in this 
vicinity seems to have filled exceedingly rugged and irregular fissnres. 

At the extreme north part of the island in Portsmouth, there is 
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another locality of granite, of quite different age, almost a gneiss 
rock. It is older than the coal formation, and of the same age with 
the granite of the main land of Rhode Island and Massachusetts, very 
likely Huronian or Laarentian. Yet it is a curious fact that meta- 
morphic slates occur along the edge of this granite. 

Origin of the Newport granite. This granite has every appearance 
of an igneous origin. It is accompanied with the usual eyidences of 
upheaval of the superincumhent strata, and unequivocal proofs of 
heat, which has altered the rocks adjacent, and the heat seems to have 
operated with the greatest intensity nearest the granite. Of late, how- 
ever, most granites are supposed to have been the result of an aqueo- 
igneous fusion, and we do not think the proo& of absolutely igneous 
fusion are so marked here as to prevent the belief that the rock was 
once aqueo-igneous* The presence of chlorite and greenish felspar in 
the granite, as well as fragments of slate, renders it probable that much 
of its constituent portions were derived from the melting down of the 
coal-measures, both the slates and the conglomerate. A year ago, at 
Springfield, we attempted to show that between sandstone and shale on 
the one hand, and granite on the other, there is an unbroken series, and 
that granite is often merely a mechanical rock metamorphosed, and so 
to speak, melted. We see not why the same suggestion may not apply 
to the Newport granite. 

The period of the metamorphism of the granite and silicious slate is 
subsequent to the Carboniferous age, for the coal-measures must have 
been deposited before they could have been altered. Probably the era 
of the distortion of the pebbles in the conglomerates was the same ; and 
the period itself corresponded with the time when the greater part of 
the rocks elsewhere in New England were altered, namely, at the close 
of the Palaeozoic age. 

9. Alluvium. — Much of the alluvium of Aquidneck Island is in the 
form of unmodified drift. Large boulders are very common. The 
direction of the drift current did not vary greatly from a due north and 
south course. The following instances were noted : At the south-east 
comer of Almy Pond in Newport, the direction of the strise is N. 10^ 
E. ; on Coggleshall ledge, N. 8** E.; at Purgatoty, N. 15® W.; near 
Fort Adams, N. 20® E. Among the boulders specimens of a porphy- 
ritic magnetic iron ore, are very common. Their source is at Iron 
Mine Hill in Cumberland. 

VOL. XIV. 12 
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The beautiful beaches for which Newport is so justly famoas, are de- 
posits of modified drift. Nine tenths of the island is covered with the 
same geological deposit, insomuch that it is difficult to ascertain the 
nature of the underlying rocks, except in ravines and along rockj shores. 
Th& amount of sand and gravel is also unusually great in the north part 
of Portsmouth, covering up the junction between the coal-measures 
and granite. On Newport Neck small beds of rather an inferior quality 
of blue and white clay may be found by digging into the ground a few 
feet. 

I%tc]tnesi of aO the strata an the Jb/an(2L— The lowest slatea and 
schists by calculation are 1,000 feet thick. The conglomerate al Pur- 
gatory is estimated at 500 feet The slates and schists overlying it, 
by measurement with a yard«stick, amount to 478 feet and one inch ia 
thickness. The second conglomerate is 464 feet and <me inch ia 
thickness. The next, 920 feet by calculation, are mostly concealed 
^^ong the line of the section of measurement. Of the ooal*mearare6 
above these, 1,091 feet and two inches were measured, and 1,577 feet 
more calculated by trigonometry. The third conglomerate is estiinaled 
at fifty feet, and the granite at one hundred feet The silidoos slate by 
calculation is 1,821 feet thick. This gives a thickness to the earixmif- 
erous system of 6,497 feet and four inches ; and to the unaltered coal- 
measures a thickness of 8,588 feet and two inches. Estimating the 
alluvium as fifty feet thick, the total thidmess of all the strata upon 
the island is 7,547 feet 

We annex a tabular view of all the observations taken of the posi- 
tion of the strata in different parts of the island. The bearings are 
not corrected for the variation of the needle. 
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Tablb of the Dip akd Stbikb of thb Bocks upok the Islaito. 
Zotoer SUOes and Grits. 



LocaUty. 


Strike. 


Wp. 


SachaeBt Point, east Bide, 


N. 280 E. 


450 W. 



Fimt ConglomaraU. 
North of Saehuest Point on east shore, 

tt ti tt a tt 

North of the last locality, in the water. 



Tageart's Feny (slates), 

Sonm of Taeeart's Feny, 

Town line of Middletown and Fortsmottth, 

Hangins^Bocks, 

East of I^orgatory, in the water. 

Near Pai^gatoiy, 

As far southwest as the conglomerate 
extends, a series of folds, 



N. 300 B. 
N. 30® E. 
N. 30O E. 
N. 30O E. 
N. 30O E. 
N.8OOE. 



N. 300 E. 
N.30OE. 

N. 30O E. 



450 — 50OE. 

dip west. 

dip east. 
4*0 — 50OW. 

750 W. 

8OOB. 
00— 50 W., etc 

8OOE. 

85® W. 
Both E.&W., the 
west sides of the 
folds being the 
steepest. 



iSZotef hdween the two twngtM of Conglomerate, 



On the line of the shore from the begin- 
ning of the slate to the beginning of the 
second range of the conglomerate. 



N. 300 E. 


00 — 550 E. 


N. 200 E. 


100 E. 


N. 200 E. 


450 W. 


N.90OE. 


100 W. 


N. 200 E. 


30OW. 


N. 200 E. 


840 W. 


N. 20° E. 


Slow. 


N. 200 E. 


240 w. 


N. 200 E. 


380W. 


N. 200 E. 


300 W. 


N. 200 E. 


620W. 



Second range of Conglomerate. 



On the west shore of the Point east of 
Easton's Beach — commencing where the 
slates cease ; ending at the east end of the 
Beach, 



N. 200 E. 


620W. 


N. 250 E. 


700 w. 


N. 250 E. 


410 W. 


N. 200 E. 


480 W. 


N. 200 E. 


30O W. 


N. 200 E. 


290 E. 


N. 200 E. 


260 E. 


N. 30O B. 


60 B. 
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Wett rantfe of OonglomeraiB, 



LooaUty. 


8txlk«. 


Wp. 


East side of Almy Fond, 


N. 20O E. 


690 W. 


North of Alms-hotue on Coaster's Har- ) 
bor Island. ) 
Southwest of Alms-honse, 


N. 30O B. 


250 W. 

250 sontlieilj. 


Northwest of Alms-hoose, 




Horizontal, etc 


North end of the Island, 




80 Boatherly. 
650 N. W. 


Northeast part of the Island, 


N. 70O E. 


Miantonomah Hill, 




Nearly horizontaL 


Gxd-Mecu 


mrea. 




Black Point, Portsmonih, 


N. 30O E. 


290 W. 


Case's Mine, Portsmouth (Jaekson), 


N.N.E.,S.S.W. 


150 —aoo W.N. w. 


Aqoidneck Mine, Portsmouth, 


East of North. 


280 — 35oS,E. 


Butts Hill, Portsmouth, 




A synclinal axis. 


Old Mine, Portsmouth, 


N. 80O B. 


350 soutbecly. 


Near Bristol Feny, 




N.W. 


South part of Portsmouth, 
Slate Hill, Middletown, 


N. E. and S. W. 


200 N. W. 


N. E. and S. W. 


200 S. E. 


Lawton's yalley, Middletown, 


N. 30O E. 


150 N. E. 


N. W. comer of Gleason's Pond, Middle- ) 
town, J 


N. 20O E. 


450 W. 


North of Gleason's Pond, Middletown, 


N.20OE. 


450 W. 


Miantonomah Hill, 




150 S. E. 


Malbone Garden, Newport, 


E. and W. 


I60N. 


Port Greene, " 


N. E. and S. W. 


250 N. W. 


From the west end of Easton's Beach, 


N. lOo E. 


30OW. 


southwesterly along the shore, as far as the 


N. lOo E. 


400 W. 


metamorphic slates. 


N. and S. 


480W. 




N. lOo E. 


8OOW. 




N. lOo E. 


370 W. 




N. lOo E. 


250 W. 




N. lOo E. 


620E. 




N. 10© E. 


400 W. 




N. lOO E. 


I60W. 




N. 20O W. 


200 w. 

240 W. 


At Barreda's, 


N. aoo E. 


450 W. 




N. 20O E. 


6OOW. 


Beds of coal. 


N. 80O B. 
N. 420 E. 


N.W. 


Near the granite. 


E. and W. 


South^. 
28® W. 


Pope street, Newport, 


N. 20O E. 


Levin street, " 


N. 800 E. 


250 W. 


Bishop Rock, 




450 N. W. 


South end of Coaster's Harbor Island, 




300 N. N. E. 


West side of the Island, 
GuUBock, 




Variable, but 
nearly horisontal. 
Northerly. 


Bose Island, south end. 


N. 20O E. 


200 E. 


Eose Island, west part (usual position). 


N. 50O E. 


200 N. E. 
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Locality. 


Strike. 


Dip. 


Fort Adams (in the fbrtrMs), 
Sonthwest from the Fort, 

« It K U 

Castle Hill, 
Near 8. Bateman's, 
Sonthwest part of Newport, 
Limestone near Fort Adams, 


N. 420 E. 
N. 420 E. 
N. 42° E. 
N. 40° E. 
N. 20O W. 
N. 50O E. 


lO^E. 

ISO s. B. 

20O 8. E. 

280 S. E. 

220E. 

200 E. 

40— 50OS.E. 



Metamcrphic SlaUi. 



Near the Dnmplings, Conanicnt Island, 
Price's Neck, Newport, 

Near Fort Denham, 
Near Barreda's estate. 



N. 60O E. 

N. 50O E. 

N.E.andS.W. 

N.50O£. 



350 _ 400 s. E. 

410 N. W. 

200 N. W. 

520 N. W. 

N.W. 



Jointed Structures in the Bocks. 



In silidons slate, Price's Neck, 



Cleavage at Price's Neck, 
Joints at Price's Neck, 
Near Price's Neck, 
Cleayage at Fort Greene, 
Joints on the largest island of dolomite } 
in Newport Harbor, J 

Joints at Porgatoiy (the chasm). 
Near the chasm, 
Near the chasm, most common. 

Cleavage at Black Point, Portsmouth, 



N. 200 E. 


620E. 


N. 460 E. 


540 N. W. 


N. 100 W. 


900 


E. and W. 


90O 


N. 50O E. 


300 N. E. 


N. W. and S. E. 


900 


N. E. and 8. W. 


650 N. W. 




Abont 40O E 




490 w. 


E. and W. 


90O 


N. 740 K 


90O 


N. 740 E. 


650 s. 




AI80650N. 


N. 8O0 E. 


620 W. 



In granite. 



Stratification (%) in granite, N. E. part of 

Portsmoath, 

Joints near Fort Denham, most common, 
« tt It <f 

(( f< l€ It 

North of Lily Pond, 
West of Lily Pond, 



12* 



N. ISO W. 

N. 200 W. 

N. 50O E. 

E. and W. 

N.75OE.,N.20OE. 

andN.W. &S.E. 



350 N. E, 

660 E. 

66OB. 
290 N. W. 

70OS. 
90O 

Others dip 650 S. 
and 650 jsi. 



188 B. NATUBAL HIBTOST. 



2. Stnchronism op Coal-Beds in the New Ekolahd akd 
Western United States Coal-Basins. By C- BL Hitch- 
cock, of Amhersty Mass. 

A FEW years ago no one thought it possible to identify any particiilsr 
bed or series of beds of coal in the Oarboniferous system by means of 
peculiar or characteristic fossib. But now, thanks to several observets 
and collectors, chief of whom is Leo Lesquereuz, of Columbus, CHno^ 
most of the beds of coal have been found to be distingiriahed from one 
another by the peculiar forms of vegetation associated with tbem. 
Each series of beds has associated with it either characteristic species 
of plants, or, more usually, different species, common to several series 
of beds, but grouped together in a peculiar way. 

In the Appalachian and the western coal-fields, the synchronism of tbe 
different beds has been largely ascertained, and the equivalency is 
satisfactory. We refer to Mr. Lesquereux's writings in various scien- 
tific periodicals and State geological reports for a statement of the nom- 
ber, order, and names of the different beds in these basins. The equiv- 
alency of the New England beds of coal, with the others, has never tiO 
now been ascertained. We have made collections of plants from sev- 
eral localities in the New England basin, and Mr. Lesquereax finds 
that their distribution corresponds to that of the beds in the other 
basins. The localities examined are in Wrentham (near North Auk- 
borough), Mass., Valley Falls, Portsmouth, and Newport, R. I. Tbe 
specimens from Wrentham were presented by H. Rice, Esq., of North 
Attleborough, to the State Agricultural Museum at Boston ; where they 
may be seen as labelled by Lesquereuz. 

From Wrentham the following species were obtiuned: — AxlUraplmjfr 
Utes kmeeolata, Lesqx. ; A. equUetiformis, Brgt ; Ann}daTia longifoUoj 
Brgt.; Sphenophyllum Schlothetmnf Brgt.; Calamitei Sueiawtiy BigL; 
C. Oistii, Brgt; Neuropterit flexw>m^ Brgt.; N. hinutOy Lesqx.; 
J\r. LoscMxy Brgt; Alethopteri$ Pennsyhanica^ Lesqx.; A. nervotOj 
Gopp. ; Pecapteris MUtanif Brgt ; P, arborescens, Brgt ; i^henopieris 
oMreviata^ Lesqx. ; LepidaphyUum^ nov. sp., and IWganocarpanf nov. 
sp. Lesquereux says of the locality of these plants: '^The exact 
geological horizon of the shales where these species of fossil plants 
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have been collected is obyioasi not only from the species themselyesy 
but also from their relation in number to each other. It corresponds 
with the shales covering over No. d coal of the western sections of the 
coal-measures, equivalent of coal D (Lower Freeport) of J. P. Lesley's 
< Manual of CoaL' 

^ The exact counterpart of your shales (or exact likeness) is found 
especially at both the Salem beds of Pottsville, at W. W. Wood, Port 
Carboni and many other places of the anthracite basins of Pennsyl- 
vania ; and in the western coal-measures ; in Kentucky along the Tug 
river (separating Eentudi:y from Virginia) ; in Greenup, Lawrence, 
Breathitt counties, etc In the western coal-fields of Kentucky and 
of Illinois this bed is frequently found with the same fossils, and it is 
one of the best and most reliable for its coal. In the east, this bed is 
generally separated into two or three different beds by day partings of 
various thicknesses, each bed of clay containing the same or nearly the 
same plants. It oflen runs to No. 4, from which in the western coal- 
fields it is separated by a limestone, and to which it is related by its 
v^etation — - the ferns.'* 

These shales in Wrentham lie above a bed of coal which has been 
worked, at least a hundred feat. The plants from this bed were not 
examined, but the probability is, as suggested by Lesquereux before 
he knew its relative position, that this workable bed is the equivalent 
of No. 1 B., the big or mammoth coal-bed of the east 

The general position of the Valley Falls bed is the same with that 
just described. We did not obtain a sufficient number of plants from 
its shales to authorize a certain conclusion from them. 

We made quite a Careful examinatk>n of the rocks upon the island 
of Rhode Island, the details of which will be published elsewhere in 
this volume. The following is the order of strata commencmg at the 
base of the Carboniferous system, and proceeding upwards: Coarse 
conglomerate containing elongated and distorted pebbles, 500 feet; 
Slates, shales, etc, 473 feet; conglomerate, 464 feet; measures con- 
cealed, but supposed to be slates, shales, and conglomerates, 920 feet. 
Just above these concealed measures were obtained specimens * of 
Pecopteris affiniij Brgt. (never before found in America) ; P. arhoret' 



* To Mr. C. E. Hammett, Jr., and Mr. J. H. Clark, of Newport, we are indebted 
for these and the following specimens. 
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ems, Brgt; P. untto, Brgt ; AsterophyUiiei suMaviSf Lesqx.; Amm- 
laria sphenophyUoides^ Brgt. ; Jpklehia, nov. sp. ; SphenophyUum emar^ 
gincUum^ Brgt. ; S, Schlothetmii^ Sterab. ; Sphenoptens^ nov. sp., and 
Annularta fertiUs, Sternb. 

Passing over about 660 feet thickness of slates, sandstones, and con- 
glomerates, we next come to fifty feet of shales, associated with namer- 
ous small beds of anthracite, and containing Pecopteris nervota, Brgt 
Twenty-five feet higher in the series are twenty-five feet thickness of 
Carboniferous shales containing the Alethopteris Pluckneti^ Brgt. ; and 
Neuropteria tenmfoUoy Brgt. The most productive bed of plants is 
two feet thick, and is 192 feet higher yet It contains Atteroph^iUt 
subksviSy Lesqx. ; Pecopteris arborescens^ Brgt. ; Anaiulana fertOit^ 
Sternb. ; NewropteriSy nov. sp., allied to N. Grangeri, Brgt. ; Ijepidth 
dendrauj Pecopteris unitOj Brgt. ; P. dentatay Brgt ; P. cyatfuda (?), 
Brgt ; Sphenopteris eUganSj Brgt ; Jnnvlarta sphenophyUot<ies, Brgt ; 
SphenophyUum Schlotheimiiy Sternb. ; Cychpterisy nov, sp. ; Lepido' 
dendron dichotomuniy Sternb. ; Sphenopteris intermedicty Lesqx. ; Peeop- 
teris argtOay Brgt; P. oreopteridisy Brgt; and two indeterminable 
species of Pecopteris. This latter group corresponds to the plants 
found at the South Salem bed of Pottsville, or the upper part of the 
No. 8 coal. The Wrentham specimens, in distinction from them, are 
from the North Salem bed at Pottsville, or the lower part of No. 3 
coal. 

The next 1,700 feet of coal-measures are mostly concealed by soiL 
A few seams of coal have been discovered in them which may corre- 
spond with coal No. 4, as it overlies the plants of No. 3 coaL A few 
species of plants, which are not distinctive, have been found at the top 
of these 1,700 feet of strata, immediately underlying a conglomerate of 
fifty feet or more hi thickness, whose position corresponds stratigraphi- 
cally with the Mahoning sandstone of the west Above this con* 
glomerate there are 1,820 feet thickness of coal-measures within the 
limits of Newport, in which no seams of coal have ever been dis- 
covered. This may be due to the fact of the complete alteration of 
these measures by metamorphic agency into silicious slate, jasper, chert, 
serpentine, dolomite, and granite. The total thickness of the whole 
Carboniferous system in Newport is 6,497 feet 

In the north part of Portsmouth are the only beds of coal that are 
now worked upon the whole basin — at the Mount Hope Mine. In 
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the vicinity of this mine there are eleven different beds of coal. Above 
the beds worked for coal three beds of anthracite have been found — 
and there are six below. From the shales at the mine the following 
species of plants have been obtained: Annularxa fertilise Stemb.; 
Odontopterts Brardtt, Brgt.; NeuropteriSy no v. sp., related to -K 
Grangeri^ Brgt. ; Pecapterts arborescens, Brgt ; Sphenopteris Graven- 
horstii, Brgt., and several others not yet examined by Lesquereux. 
These are the plants peculiar to the Lower or North Salem bed at 
FottsviUe. 

Thus all the beds of coal and shales containing plants which we have 
examined in the New England coal-basin belong to the lower coals, 
and probably all lie below the Mahoning sandstone. Beds (perhaps 
series of small beds) of coal are found, equivalent to the Pomeroy, 
South Salem, North Salem, and perhaps* the mammoth beds in other 
coal-basins. We think it doubtful whether the beds of the upper coal- 
measures of other basins are to be found in the New England coal- 
field, partly from metamorphism, partly from denudation, or perhaps 
they may never have been deposited. 

Mr. Lesquereux compares the New England basin with the others 
as follows : " Prom your very interesting section of Aquidneck Island, 
it appears that near or at the western limits of the coal-fields of North 
America, the multiplication of conglomerate strata analogous to that 
which is found in Nova Scotia is already evident. Thus, your coal- 
field of Massachusetts and Rhode Island looks as if it formed a link of 
transition between the coal-basin of the great Appalachian and western 
region, and that of Nova Scotia. Indeed, the difference is easily 
marked and understood. To the eastward, the sandstones, conglomer- 
ates or share materiahy predominate; to the westward, on the con- 
trary, the limestone and marine formation becomes more marked. It 
is the only difference." 

After having read the foregoing paper, Mr. Lesquereux made the 
following remarks, which I take the liberty to add : ^ From your sec- 
tion it is evident that the stratigraphical distribution confirms the con- 
clusions drawn from palseontological evidence. It shows that eastward 
of the anthracite coal-basin of Pennsylvania, there is the same progres- 
sion in the thickness of the coal-measures, as is everywhere apparent 
from the Mississippi River, where, for example, the average thickness 
of the conglomoratic measures is no more than twenty-five feet, to the 
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anthracite ooal-basin of Pennsylyania, where, at Pottsyille, the same 
conglomeratic formations attain to 1,400 feet. 

" On the Mahoning sandstone you will please remark, that it is gen- 
erally a series of strata, like the millstone grit or conglomerate, and 
not an only or single bed of sandstone. It is generally (bat not al- 
ways) conglomerate at the top only, and sometimes underlaid by one 
or more strata of sandstone, separated by shales. Thus, it may be at 
Newport more than 200 feet thick. A remarkable coincidence of the 
stratigraphical distribution of your eastern coal-measures witb those of 
Pennsylvania, appears in the bareness of the measures overlying the 
Mahoning sandstone. In the coal-basin of Illinois and western Ken- 
tucky, the space (average 500 feet) between the Mahoning sandstone 
and the Anvil Rock sandstone, which overlies coal No. 12, contains 
from three to five workable beds of coal which insensibly disappear to 
the eastward. Thus, at Pittsburg, the space from the Mahoning to the 
coal is 500 feet, entirely barren of coal. Pittsburg coal is the equiva- 
lent of our No. 11 coal of the west It gradually thins westward, bat 
preserves mostly a good workable thickness. As it is always accom- 
panied by limestone, it is evident that it has been formed under marine 
infiuence. It ought consequently to thin out and disappear in the east, 
where the marine formations are replaced by shore deposits, that is, by 
sandstones, conglomerates, etc. The coal-measures overlying the 
Pittsburg coal rarely if ever contain a workable bed of coal. The 
Waynesburg coal and the Swickley coal are locally three or four feet 
thick ; but it is a local and peculiar enlargement of seams that generally 
are no more than one or two feet thick. Thus, it is quite a matter of 
course that you do not find any beds of coal above the Mahoning sand- 
stone. 

'^ Please to examine and compare the general section of the Appa- 
lachian coal, in its deepest part, east of Pittsburg, by H. D. Rogers, 
and the section of the Kentucky basin in Union county, west Kentucky, 
by D. D. Owen. The base of Rogers's section, the Mercer^s coal, is 
the only part which is not certain, and must be referred perhaps to coal 
No. 1 A and 1 B. My Second Report on the Geology of Kentucky 
has fifteen comparative sections of the coal-measures taken at far differ- 
ent places, from the Mississippi River to Carbondale, Penn., and all 
show the same analogy or rather identity in the distribution of the ooal 
strata; the difference being only in the thickness of the sandstone 
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strata separating the coal-beds. Of course such a comparison can be 
made only with the help of paieeontology ; while before placing two 
sections opposite each other it becomes necessary first to determine, by 
identity of fossils, one bed of coal at least, to be equivalent to another 
of another section. As our coal No. 1 B, has a marked flora, I have 
generally taken this bed as a point of comparison for my sections, de«> 
termining it first from the fossil plants. But in some of my sections I 
have had opportunity for comparing the palsBontology of all the strata. 

'^ As I said above, the difference in the sections appears only in the 
difference of thickness of the strata separating the coal, and also of the 
coal-beds. But even this difference is not accidental or abnormal. It 
progresses by uniform increase towards the east and south, and then 
these differences in the thickness of the coal-measures can be followed, 
and consequently accounted for. In the north-eastern part of Kenr 
tucky, the coal-measures have their median thickness ; but by following 
to the south the Louisa and the Tug rivers, the measures progressively 
increase in such a way that in Jackson county the distance between 
coal No. 2 and No. 8 is 165 feet (the average is 100), In Lawrence 
county, 190 feet; and at Warfield, near the burning spring, southeast 
comer of Lawrence county, the space is already 280 feet The space 
between the other coal strata is just proportioned to this. It is, then, 
very easy if one cannot follow the development of the coal-measures in 
every direction and over the whole area which they cover, to be misled 
at far removed points when we try to come to a comparison of the 
synchronism of the coal strata. 

^ It may be that at Bhode Island you have the lower part of the 
Salem coal, with its upper part separated by 192 feet of measures. As 

1 wrote you before, I could never at Fottsville, Tamaqua, or elsewhere, 
ascertain exactly the distance or space between both members of No. 8 
coaL But I do not find characteristic species enough in the shales 
just above the 920 feet of measures to authorize the assertion that they' 
belong to No. 1 B or some member of No. 1. They may go with No. 

2 coal, and certainly yon will be able, by collecting specimens, to find 
a number of other species. In any case you have a bed of coal, of 
which the position is perfectly ascertained ; namely, that corresponding 
with No. 8, the Wrentham coal and the coal of Newport 660 feet 
higher than the top of the 920 feet of concealed measures." 
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3. Remarks upon certain Points in Ichnologt. By Professor 
Edward Hitchcock, of Amherst, Mass. 

Since the publication of Sir Richard Owen's able work on Pabeon- 
tology, Ichnology may be considered as fairly installed as a distioct 
branch of this science. It is jast fiixtj years since the first fossil fbot> 
mark that has been preserved in our cabinets, was disinterred in the 
Connecticut valley, and only thirty-two years since the first scientific 
description of such fossils was given by Dr. Duncan. Yet thej have 
already been discovered in nearly all the great rock fonnaUons. In 
the Cambrian rocks we have the trails of Annelids. In the lower 
Silurian, the tracks of Crustaceans ; in the upper SUurian, those of 
Annelids, MoUusks, Lizards, and Fishes; in the Devonian, those of 
Lizards, Batrachians, Chelonians, and Mollusks ; in liie Carboniferous, 
those of Lizards, Batrachians, and Fbhes ; in the Permian, those of 
Lizards, Batrachians, and Chelonians; in the Trias, those of Crus- 
taceans, Batrachians, Lizards, and perhaps Marsupials ; in the Oolite, 
those of Marsupialoids, Birds, Lizards, Chelonians, Batrachians, Fishes, 
Crustaceans, Insects, and Annelids ; in Alluvium, of course, those of 
all living animals ; but those of Mammalia, Birds, Batrachians, Che- 
lonians, and Annelids at least, will be found in the cabinets. These 
facts indicate great progress ; but we predict that in a few years it win 
seem only the A B C of the subject. 

In a branch so recent, it is to be expected that a diversity of views 
will exist, even as to points of great importance. I propose to make 
some remarks upon a few such points, on which perhaps mj views 
may differ from those expressed by others. 

The first inquiry I shall notice is raised by the enumeration jost 
' made of the foot-marks in the different formations. In many cases the 
character of the animals is not so well settled that cautions writers 
will admit them into the same catalogue with those determined from 
their skeleton. Yet no one conversant with the subject, will longer 
doubt that the tracks were made by living animals, generally ni dif- 
ferent species from those otherwise discovered. I would suggest, 
therefore, that those made known by their tracks, be pat into a sep- 
arate group in an Index Palaeontolo^cus. I would call the group 
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lAihichnozoay — literally, stone-track animals. Geologists would then 
know the exact amount of evidence on which their existence and char- 
acters rest. This course I have adopted in a recent edition of my Ele- 
mentary Geology. 

Some, indeed, take the ground that from tracks alone, we cannot 
infer the nature of the animal with any such probahility as to make it 
proper to name and describe them, or to put them upon an Index 
Palieontologicus. We must wait till the skeletons of the animals that 
made the tracks are discovered. 

Let us see whether this opinion has a philosophical basis, and cor- 
responds to the practice of palseontologiste. 

In the first place, it is certain that we are able to infer with a good 
degree of certainty the nature of living animals^ from their tracks. 
Who would confound the track of man with that of any other species ? 
or doubt that the track of a horse was made by a ruminant with solid 
hoof, or that of the sheep or the swine by animals with cloven hoofs ? 
or that a tritid thick-toed track, with the normal number of phalangeal 
impressions and alternating feet, was that of a bird like the three-toed 
ostrich ? or that a similar track, with narrow toes destitute of phalan- 
geal marks and with long stride, was made by a narrow-toed bird ? or 
that five-toed tracks, arranged in two rows and by twos, were made by 
some mammifer, like the camivora ? or that small tracks in six rows^ 
with linear toes, were made by insects ? or that a mere trail was made 
by a moUnsk or an annelid? There could be little dovbt in such 
cases, and we might, as Cuvier said, ^ regard the conclusion as equally 
certain with any other . in physics or morals.'' Still stronger, as we 
shall endeavor to show under our next head, is the evidence sometimes 
presented by fossil footmarks to show their origin. 

2. Suppose we have before us the entire foot of an animal petrified. 
It might show not only the exact form, but the phalanges, the claws, 
the heel, and even the stri» and papillsa of the skin. Would not 
every paiseontolc^st feel as if such a relic of so characteristic an 
organ, justified him in inferring the nature of the animal, and of ^ving 
it a name if new ? Indeed, how many of the fossil animals have been 
described from relics less satisfactory than a well-petrified foot ! Yet 
in many of the tracks we have an exact counterpart of a petrified foot 
The deep imprint of the animal's foot in the mud is filled by other 
mud, which copies the exact form, the phaUinges, the claws, the heel, 

VOL. XIV. 13 
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and even the skin, every part of the foot^ indeed, except its upper 
side ; and when the rock is split open, we have this perfect caal^ an 
equivalent, so far as external characters are concerned, of a purified 
foot What philosophical naturalist, then, wiU saj that tracks fonuaii 
no reliable data for inferring the nature of the animal ? 

3. But suppose we find the bones of numerous animals in the same 
formation as the tracks, how is it to be proved that those animals made 
the tracks ? In no other way but by comparing the bones of the feet 
with the tracks. But this can be done more successfully, as we think, 
by making the comparison with the much greater number of the feet of 
living animals, covered with flesh and skin, as those of the fossil 
animals were, when they made the tracks. And as a matter of fiict, 
no tracks have ever been identified by fossil skeletcms. The onlj 
attempt of the kind, that of the Labyrinthodon with the Cheirotheriam, 
appears to us entirely unsatisfactory, highly as we respect the opinion 
of Prof. Owen, who suggested this identification. For the strait sii^ 
row in which the tracks of the Cheirotherium are arranged, as gives 
by Owen, never could have been made by the wide frog-like bodj aod 
sprawling legs of the Labyrinthodon. The &ct is, there are insupera- 
ble difficulties in this matter, even if we can find fossil skeletons. A 
few have been discovered in the Connecticut Biver sandstone ; but none 
of the tracks can be identified with them. 

4. It is not strange, in view of such reasoning, that Cnvier should 
have said, before fossil footprints were known, that ^ a single foot-mark 
of a cloven hoof indicates to the observer the forms of the teeth, of aU 
the big bones, thighs, shoulders, and of the trunk of the body, of the 
animal which led the mark." Nor is it strange that such men as Sir 
Bichard Owen, Sir William Jardine, Professor Kaup, and Isaac Ijea, 
should have named and described animals with no other relic of them 
but their tracks. 

A second point I would notice, is the supposed obliteration of the 
tracks of the fore feet of quadrupeds by the hind feet brought into 
exactly the same place. That living quadrupeds do thus bring up the 
hind foot, I know. It is done most perfectly in the winter, when the 
snow is covered by a slight crust. But in no case have I seen more 
than half a dozen tracks in succession, where the hind foot took the 
place of the fore one so perfectly that marks of both could not be per- 
ceived; and rarely is it done in a single case so completely as to 
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deceive a practised eje. Hence, in reasoning about fossil footmarks, I 
should saj that where we have but few and imperfect specimens, we 
may mistake a biped for a quadruped from this cause. But if we have 
numerous specimens, and these very distinct, such mistake is not very 
likely to occur to one familiar with tracks. A more frequent source of 
error lies in the &ct that the fore feet, in unequal footed animals, does 
not make so deep an impression as the hind feet ; and if we happen to 
have a specimen with even a thin layer peeled off, the marks of the 
fore feet may have disappeared. 

But I have learned another fact, both in relation to recent and fossil 
foot-marks, which bears strongly on the point under consideration. 
Even where an animal makes a deep and distinct impression with his 
hind foot, in the place just vacated by the fore foot, the latter is not 
generally ohUteraJted^ but only sunk deeper into the mud. I will illus- 
trate this by two examples. 

Fio. 1. 




The drawing here introduced (Fig. 1), shows a man's foot with 
that of a bird, upon unconsolidated clay from the banks of Connecticul 
River. On the same surface are rain drops ; and though the human 
foot made a rather deep impression, so as to show distinctly the stri» 
of the skin, the rain-drops were not obliterated, but only carried bodily 
deeper into the clay, as the drawing shows. 

My second example is derived from the only specimen ever found 
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of the tracks of the fore feet of the Otozoum Moodii. One of diese 
tracks (that on the right deeply shaded) lies almost entirely beneath 
that of the hind foot, as this drawing shows (Fig. 2). Yet it is not 
obliterated ; indeed it is quite as distinct as the corresponding tnA 

which is free. Prof. Owen mast have 
misunderstood my description when he 
says, ^it would seem that the bind 

Mu_iY_( r^foot, which was larger than the fore 
\0A Iw^ foot, obliterated the print of that foot, 
Y'^^ff hj being placed upon it in walking "* 
(Paleeontology, p. 165). In the case 
of the Otozoum, the obliteration of 
the track of the fore foot was not the 
cause of its infrequent occurrence, but 
it was rather because the animal rarelj 
brought it to the ground. 
Such facts conduct to the conclusion that it is unsafe to account for 
the supposed absence of the tracks of the fore feet by their obliteratioa 
by the hind feet It may occur in some cases, but not as a general 
fact Other causes, at some of which I have hinted, account for thdr 
absence much better. 

A third point on which I would remark, is the position some haTe 
lately taken, that none of the tracks in the Connecticut valley were 
made by birds. It may be so ; and no one familiar with the difficalties 
of Ichnology, should by any means be very dogmatic in, or tenacious 
of, his opinions about foot-marks. Yet no wise man will hastily aban- 
don an opinion which has been sustained by such strong arguments. 

I think but little, indeed, of the popular argument, namely, that 
some of these tracks look like those of birds. And yet where resem- 
blances are so strong as to arrest every one's attention the moment he 
looks at them, they should not be set aside hastily as of no conse- 
quence. ^ This is the track of Noah's raven," said Mr. Moody to his 
neighbors when he showed them, sixty years ago, the first fossil foot- 
marks ever noticed on the globe. '^Here are some turkey tracks 
made three thousand years ago," said Mr. Draper to his neighbor when 
he first caught sight of the specimens that lay by the sidewalk in 
Greenfield, twenty-five years ago, and whose description laid the foun- 
dation of the remarkable Ichnology of the Connecticut valley. How 
often have similar remarks been made by intelligent men the first time 
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they have passed through an Ichnological gallery I Tet every geolo- 
gist knows how deceptive such first appearances are, especially when 
seen by men not accustomed to palieontological investigations ; and 
hence multitudes of intelligent men believe firmly that they are look- 
ing upon petrified wood, which the mineralogist knows to be some 
variety of amphibole, horns of deer and stags and petrified wasp 
nests, which the zoologist is sure are ancient corals (Cyathophylla and 
Columnariffi), and petrified rattlesnakes, which the botanist refers to 
the stems of tropical plants. Not until such supposed resemblances 
are made to pass the ordeal of scientific investigation, are they of 
much consequence. How is it with the supposed bird tracks when 
brought to such a test ? 

I confine this inquiry to the fourteen species of Lithichnozoa, which, 
in my Ichnology of New England, I have described under the name of 
Fachydactylous or thick-toed Birds, whose tracks show only three toes 
and a uniform and definite number of phalangeal impressions. The 
evidence as to the ornithic origin of these is stronger than in respect to 
any others in the Connecticut valley, or anywhere else. The argument 
to show these creatures to have been birds, is so well presented by Sir 
Bichard Owen in his Palssontology, that I use his language, which, 
though confined by him to the largest species (Brontozonm gig^teum), 
is equally applicable to them all: *' The impressions," says he, ^ succeed 
each other at regular intervals : they are of two kinds, but differ only 
as a right and lefl foot, and alternate with each other, the left foot a 
little to the left, and the right foot a little to the right of the mid 
line between a series of tracks. Each footprint exhibits three toes, 
diverging as they extend forward. The distance between ih6 tips of 
the inside and outside toes of the same foot was twelve inches. Each 
toe was terminated by a short strong claw projecting from the mid 
toe a little on the inner side of its axis, from the other two toes a little 
on the outer side of theirs. The end of the metatarsal bone to which 
those toes were articulated, rested on a two-lobed cushion, which sloped 
upwards behind. The inner toe showed distinctly two phalangeal 
divisions, the middle toe three, and the outer toe four. And sinoe in 
living birds, the penultimate and ungual phalanges usually leave only 
a single impression, the inference was just, that the toes of this large 
foot had been characterized by the same progressively-increasing num- 
ber of phalanges, from the inner to the outer one, as in birds. And as 

13 • 
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in birds also, the toe with the greatest number of joints was not die 
longest r it measured, e. g. 12^ inches, the middle toe from the same 
base line measured sixteen inches, the outer toe twelve inches. Some 
of the impressions of this huge tridactylous footstep w*ere so well pre- 
served, as to demonstrate the papillose and striated character of the in- 
tegument covering the cushions on the under side of the foot. Such a 
structure is very similar to that in the ostrich." — PaUsontology^ p. 289. 

The point of this argument drawn from the number of phalangeal 
impressions, which from the first we had used in our reasoning, and 
which Professor Agassiz long ago proposed as a sort of expertmentum 
cruets (Am. Journal of Science, Vol. 3, n. s., p. 79), must be regarded 
as its strongest part Yet recent discoveries have brought to light 
tracks, most evidently quadrupedal, which are tridactjle, and show 
probably the same number of phalangeal impressions. Thas, the 
Anomoepous, though it had five toes on its fore foot, had a hind foot, 
which, separated from its long heel, exceedingly resembles the foot of 
what has been regarded as that of a thick-toed bird, a^d probably, 
though I do not feel quite clear on this point, the toes had the same 
number of phalanges, (See Plate YIII. of my Ichnology). So the 
hind foot of the Apatichnus, although it has a narrow fourth lateral toe, 
exceedingly resembles that of a bird ; yet the number of its phalanges 
has not been determined. Both the hind and fore feet of the Plesiomis 
show three principal broad toes, almost exactly like those of iMids, 
although specimens brought to light since the publication of my Ichnol- 
ogy, exhibit a small fourth lateral toe. 

These facts open an interesting field <]^ inquiry, and by s(»ne tfaey 
are regarded as overthrowing wholly the argument for the ornithic 
origin of all the tracks founded on the phalangeal impressions. But 
this seems to me too hasty a conclusion. For in the first place, some 
living lizards have only three toes on their front feet, and probably 
the extinct Rhynchosaurus had the same number on both its feet, and 
was even more closely allied to birds in some other respects, espedallj 
the nearly edentulous character of its jaws. Secondly, in existing lizards, 
both Loricoid and Saurian, the phalanges in the three outer toes, whea 
there are only four toes in the foot, and in the three middle toes when 
there are five, correspond to those of birds ; namely, 3, 4, 5, so that if 
these animals' feet were so modified, as probably they sometimes were, 
in sandstone days, that they became tridactyle, the inner and outer toes 
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would be those most likely to disappeari and the other three ^lo* 3* 
would correspond to those of birds. Thirdly, the fact so 
dearly established, both by tracks and other fossils, that a 
large part of ancient animals belonged to groups in which 
were blended characters now found in several classes; 
those found for instance in marsupials and birds, birds 
and batrachians, or lizards, &c., furnish a more reasonable 
explanation of anomalies in tracks than to deny the ornithic 
origin of all of them. On this point, however, I shall en- 
large shortly. But fourthly, the fourteen species of tracks 
under consideration exhibit no anomalies, and correspond 
exactly to those of living birds, except perhaps in the 
greater distinctness of the phalangeal impressions. Finally, 
there is the most decided evidence that these animals were 
bipeds and not quadrupeds, as we must suppose if they were 
not birds. I have now seen a thousand, yea, I doubt not 
several thousands of these tracks, many of them most dis- 
tinct in every part, and generally in rows, yet never have I 
seen a trace of a fore foot If only a few of them had been 
found, it might be probable that the fore foot would yet be 
discovered ; but now it is extremely improbable. Alike im- 
probable is it that the track of the fore foot has been in all 
cases obliterated. Look at such a row of tracks as that 
shown on Fig. B, on the margin, which was copied from a 
slab in my ichnological cabinet, eight feet long, the stride 
being twenty-four inches, and inquire whether such an oblit- 
eration is probable? And is it probable that tracks so 
exactly like those of a long-legged wading bird were made 
by a quadruped ? It seems to me that every zoologist will 
say that it is hardly possible. Finally, the presumption is, 
that birds existed during the period of the Connecticut River 
sandstone, if we admit, as I have endeavored to show in my 
Ichnology, that it embraced the Oolitic period. For mar- 
supials existed then, regarded as still higher on the zoological 
seals ; and Professor Owen has described a fossil bird of the 
size of the woodcock, from the Green Sand of Cambridge in 
England, which some place in the upper part of the Oolitic 
series. There is, therefore, no longer a presumption against 
the existence of birds in our sandstone as there was when I 
first described it as triassic. 

The evidence of the ornithic origin of the seventeen 
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species of nvhat I have denominated narrow-toed birds, it certainly not 
as strong as in respect to the group that has been described ; because 
the phalangeal impressions are wanting. Indeed, some of the tracks 
of these narrow-toed bipeds have such a resemblance to the feet of 
some lizards, that I anticipate the discovery of front feet, and their 
consequent removal into the quadrupedal if not the lacertian daas. 
But if we are satisfied that there were thick-toed birds in sandstone 
days, the analogies of living animals would infer the probable existenoe 
of the narrow-toed also ; and when we find so close a resemblance to 
the tracks of living narrow-toed birds among the fossil foot-marks as in 
the Ornithopus, Platyptema and Tridentipes, it seems fisdr to conclude, 
until the contrary is proved, that some of them were made by birds. 

While, therefore, in some respects the argument for the omitliic 
origin of our foot-marks has been weakened by subsequent discoveries^ 
in other respects it has been strengthened ; and while I would not be 
dogmatic on such a subject, it seems to me to be quite premature to 
abandon my opinion ; which, however, I am quite ready to do when 
the analogies of science demand it 

Fourthly, I would make a few remarks upon the evidence furnished 
by Ichnology, of the existence of animals during sandstone days, of 
types intermediate between existing classes, or rather embracing char- 
acters now found only in two or more classes* 

The progress of Palaeontology, irrespective of tracks, has multiplied 
examples of such intermediate animals exceedingly, and shown us that 
the older the formation the more anomalous probably will be the Yer- 
tebrate animals, which they contain. The Sauroid fishes recur at once 
to our recollection, which, according to the phraseology of Agassiz, were 
the prophetic types of Saurian reptiles. Then there came the Ichthy- 
osaurus and Flesiosaurus, the first of which, to use the language of 
Dr. Buckhmd, <' united in itself a combination of mechanical contriT- 
ances which are now distributed among three distinct classes of the 
animal kingdom." Still more remarkable was the Fterodactylci ^ of all 
the creatures of the ancient world," says Cuvier, ^ incontestably the 
most extraordinary." Then there was the Archegosaurus from the coal- 
measures, whose " head might be that of a fish as well as that of a 
lizard, or of a batrachian," according to von Meyer, and which seems 
to have been " a transitional type between the fish-like batrachia and 
the lizards and crocodiles," according to Goldfuss. The Labyrinthodon 
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of the new red sandstone, aooording to Owen, ''had the essential bony 
characters of the modem batrachia, but combined these with other 
bonj characters of crocodiles, lizards, and ganoid fishes/' The skull of 
the Rjnchosaurus ^has brought to light modifications of the lacertian 
structure leading towards chelonia and birds, which were before un- 
known.** — Owen. 

A great desiccated inland sea in Central Africa has brought to light 
in the Dicjnodon, '' a race of reptilian animals presenting in the con- 
struction of their skull characters of the crocodile, the tortoise, and the 
lizard, coupled with the presence of a pair of huge sharp-pointed tusks, 
growing downwards, one from each side of the upper jaw, like the tusks 
of the mammalian morse/* — Owen. 

Sir Richard Owen has given a general view of this subject in rela- 
tion to reptiles, when he says, that '^ a more generalized vertebrate 
structure is illustrated in the extinct reptiles bj the afl^ities to ganoid 
fishes, shown by the Ganocephala, Labjrinthodontia, and Ichthjopte- 
rigia ; bj the affinities of the Pterosauria to birds, and bj the approxi- 
mation of the Dinosauria to mammals. It is manifested by the com- 
bination of modem crocodilian, chelonian, and lacertian characters in 
the Cryptodontia and Dicynodontia, and by the combined crocodilian 
and lacertian characters in the Thecodontia and Sauropterygia." 

Now, with so many examples before us, we ought to expect to find 
evidence of the like intermediate stractures in the Lithichnozoa. They 
have, indeed, struck me from the commencement of my ichnological 
researches, and the application of this principle to the anomalous tracks, 
has resulted in far more satisfactory conclusions as to their origin than 
could otherwise be reached. Thus, when we look at the hind foot of 
Anomoepus, we are stmck with its resemblance to the foot of a bird. 
But when we see its five-toed front feet, its long heel, and its blunt, 
stout tail, we are sure it must have been a marsupial, or a lizard, with 
an omithoid type. So in the tridactylous (possibly tetradactylous) Flesi- 
orais, the shape of the foot, and perhaps even the number of phalanges, 
lead us at first to say that the animal was a bird ; but when we find 
that it had four feet, and pellets instead of claws on at least one species, 
we conclude it to have been a batrachian of an omithoid type. An in- 
spection of the feet of Anisopus, having the same number of toes and 
phalanges, and in one species a part of the claws wanting, leads us to 
regard the animals as closely allied to the crooodilia. But when we 
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see how unequal are its feet, how nearlj on a right line the animals 
walked, and with what long steps, we are led rather to the marsapials, 
and hence to call them Loricoid Marsupials. The foot of the Gigan- 
titherium looks much like that of a thick-toed hird, though tbe carved 
character of the small hind toe might suggest an analogy with lizards. 
But the tail trace drives us either to the lizards or marsupials ; and the 
fact that the animal moved nearlj on a right line, excites a strong pre- 
sumption that it was a marsupial, since no living lizard walks thus. 
No fore foot has yet been brought to light. So like that of a bird ap- 
pears the principal track of Apatichnus, that the occasional presence of 
a tetradactylous small fore foot was overlooked ; also a tail trace. Bat 
all the facts at length forced us to the conclusion that the animal was 
an omithoid lizard. 

I might add to these examples ; but those adduced are sufficient to 
show how important in ichnology is this principle of former interme- 
diate types of animals. From so narrow a source of information as 
tracks alone, we may not in all cases be able to say which class of char- 
acters predominated in the animals, and therefore may fail to refer 
them to the right class* But the principle does at least explain satis- 
factorily certain anomalous characters in the foot>marka otherwise inex- 
plicable, and shows as that ichnology leads to the same oondusions as 
palaeontology in generaL 

The fiflh and last point on which I would remark^ is the probable 
marsupial character of a laiige number of the lithichnoaoa. 

In my Ichnology, I have ventured to describe five species as nur- 
supialoid, without saying certainly that they were marsupials. Bat sub- 
sequent reflection increases my conviction, not only that these species 
were marsupials, but that I might with strong probability have referred 
many other species to the same class! I wiQ briefly state my reasons 
for this opinion ; premising, however, that one of the species which I 
have placed among the marsupialoids, I am inclined to regard as still 
higher on the mammiferous scale, perhaps even as high as the camivora. 
I refer to the Cunichnoides marsupialoideus, which I placed among the 
marsupialoids, chiefly from the supposed though somewhat doubtful in* 
equality of the front and hind feet But in every other respect they 
correspond more nearly with such an animal as the dog. 

My reasons for presuming that a large number of the Lithichnozoa 
will turn out to be marsupials, are the following : 



GBOLOGT AKD PAXEONTOLOGT. 155 

The marked inequality of their front and hind feet affords ^lo- 4* 
a Blight gronnd for this presumption, because such is theJU. ^ 
character of many living marsupials. Oat of fifty-five^^ 
species of quadrupeds described in my Ichnology, from their 
tracks, twenty-five at least had unequal feet. This was the 
case, also, with many of the lizards and the batrachians, and 
therefore we need other analogies to give much strength to 
the presumption that they were marsupials. h 

The narrowness of the trackway affords a still stronger pre- ^ ^ 
sumption that those Lithichnozoa, which show this character, w^ 
were mammals, if not marsupials. Take an example in Fig. 
4, on the margin, which is a faithful representation of the 
track of Anisopus gracilis in the ichnological cabinet The 
slab is four feet long and the stride ten inches. It seems to 
me quite certain that no living lizard or batrachian could 
walk so nearly on a right line as these tracks are placed. * 
But mammals with long legs, such as the cat and dog, do {T!yC/ 
thus walk. It requires long legs ; and such as living lizards 
and batrachians possess must make two rows of tracks wide 
apart A few lizards, such as the Phylliurus cuvieri, might 
bring their feet more nearly into a line than is usual, because 
their legs are longer ; still they would not make any such 
rows as the Anisopus and many other fossil species have left . 

Taking these facts in connection with the unequal feet of j^ (fP 
many of the species, is not their marsupial origin made 
probable ? 

I had thought that even where the above two characters 
were present in the footmarks, yet we must refer the ani* 
mals to lizards or batrachians, if there was also the trace of 
a tail. But I am informed by Bev. George Cook, late 
president of the college in Eastern Tennessee, who has had 
opportunities to learn the habits of the (possum, that this { 
animal almost always leaves the trace of its naked tail upon 
the ground, and that this is the mark by which the hunters 
distinguish the tracks of this from those of other animals. 
Hence I should regard as probably marsupial those Lithich- 
nozoa that have unequal feet and leave a narrow trackway, 
even though they have left a tail-trace. 

The recent discovery of numerous genera and species of Uk 

marsupials in the oolite of £urope, and of some even further \&^ 
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down in the rocks, in Germany and North Carolina, ^ves increased 
plausibility to these suggestions as to the Lithichnozoa. For it is thus 
made probable that the marsupials were numerous in the period wheo 
the Lithichnozoa flourished. True the former were quite small, so &r 
as yet discovered. But they may have had contemporaries as large as 
the Gigantitherium and Otozoum. 



4. On certain Conglomerated and Breccla^ted Trachttic 
Dykes in the Lower Silttrian Bocks of Shelbubne, 
Vermont ; with Special Reference to the Deoree of 
Heat at the Time of their Production. By Professor 
Edward Hitchcock. 

Chittenden county in Vermont, lying along Lake Champlaio, con- 
tains an unusual number of dykes of trap, and some which cannot be disr 
tinguished from Trachyte. Shelbume, a few miles south of Barliogtoo, 
abounds in them. But I wish to call attention to only one of them of 
the trachjrtic type, because it seems to me that it affords us the means 
of determining the maximum temperature that existed in it when 
formed. This dyke is at Nash's Point ; it is nearly thirteen feet vide 
in some parts, and at its east end the surrounding rocks have disap* 
peared, and it stands up as a wall along the beach, considerably worn 
away on the sides, and breached in one or two places. The north side 
or wall of the dyke, two feet thick, is composed of a dull white tn- 
chytic rock, evidently partially decomposed. The south wall is of the 
same material, about a foot thick. The intermediate space between 
these walls, several feet thick, is occupied by a conglomerate or breoeia, 
a part of the fragments being quite angular, and a part deddedly 
rounded or water worn. The fragments vary in size from that of a 
pea to those four or five inches long, and consist of granite, gneiss, 
hornblende schist, with garnets, quartz, gray (Potsdam ?) sandstone, red 
rock (Oneida conglomerate ?), and Trenton or bla<^ limestone. Tbe 
cement consists of the same materials comminuted and mixed with the 
trachyte. 

We are compelled to call this rock trachyte, because it has the litho- 
logical appearance and the chemical composition of that rocL We are 
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indebted to our friend, Mr. George F. Barker, late assistant in the 
Yale Laboratory, for the following analysis of it, to which we have added 
for comparison an analysis of the Drachenfels trachyte, and of trachytic 
conglomerate from Ofenknhlen : 

Tram Shelburne. Prom the Dmohenfela. Trachjtie oonglomorate. 

SUica, . . 67.30 . . 67.09 . . 66.39 

Alumina and iron, 19.10 . . . 20.22 . . . 22.71 

Titanic add, 0.38 

Lime, . 0.79 . . . 2.25 ... 0.53 

Magnesia, . trace . 0.97 . . 0.47 

Potassa, . . . 4.74 . . . 3.56 . . 3.05 

Soda,. . 6.04 . 6.07 . . 1.94 

Loss by ignition, . 1.70 . . . 0.45 . . . 4.89 

99.69 99.99 99.98 

The specimen analyzed from the Shelburne dyke was from the wall 
and not the conglomerate. It is somewhat porphyritic, and the im- 
bedded crystals may be ryacolite, though more probably orthodase. It 
must be trachyte we think, though as old probably as the Devonian 
period. 

It is difficult to resist the conclusion that this dyke was at first 
entirely occupied by conglomerate, and that the trachyte of the walls 
was produced by the melting down of the fragments ; while in the mid- 
dle the heat was not great enough to do this, and therefore the con- 
glomerate remains. If so, the heat must have been communicated from 
the rock containing the dyke, and not the reverse, as is generally sup- 
posed to have been done. 

Fortunately, the nature of the fragments in this conglomerate fixes a 
limit, beyond which the heat could not have passed. The black lime- 
stone fragments still retain apparently all of their carbonic acid. Indeed) 
carbonate of lime seems to be difiused more or less through the whole 
rock, since it effervesces somewhat with adds. But had the heat ex- 
ceeded redness, or 1000^ of Fahrenheit, the carbonic acid would have 
been expelled, as in a lime-kiln. Near the source of heat, that is, the 
enclosing rock, it may have been higher ; though if water with alkalies 
were present, it need not have been higher to change the conglomerate 
into felspar. 

To point out the facts and conclusions in the last paragraph, was the 
main object of this paper. But if any inquire, as is natural, how a 
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djke could have been filled with fragmentSi some of which) if not aD, 
have been rounded as pebbles now are by water, we find it veiy dii- 
cult to answer satis&ctorilj. The fragments were derived from the 
older Silurian and Azoic rocks around Lake Champlain. They ooold 
not obviously have been torn off from such rocks lying above one 
another in the earth's interior, and thrust upward by the ascending 
melted matter ; for in that case none of them would have been romdei 
They must, therefore, have been introduced from above. If a crack 
were now to open beneath the present Lake Champlain, where detritus 
has accumulated on its bottom, by the aid of currents, it would ere 
long become filled with materials not much unlike those in the trtr 
chytic dyke. Suppose such a crack did open in early times, beneath 
an ocean whose bed was strewed with detritus ; and suppose the widls 
of that crack to have had a temperature high enough or to have been 
subsequently raised to that temperature, aided by the hot water abore, 
partially to melt and metamorphose the contents of the dyke. If any 
deem this supposition absurd, we can only say that we hope they haye 
one more probable to take its place. We have no other to suggest 



5. ADDmoNAL Facts BBSPECxma thb Clathroftebis op East 
Haicpton, Massachusetts. By Professor Edwabd HrrcH- 

COCK. 

This fossil fern was discovered by my son, Edward Hitchcock, Jr., 
and described by him in the 22d volume (n. b.), of the American Jour- 
nal of Science. It occurs on Mount ,Tom, in East Hampton, where a 
new locality was discovered by him in 1859. Being about to leave for 
Europe, he has requested me to state to the Associati(Ki the new facts 
respecting this fern, which he supposes the American localities liaie 
added to the description given by Adolph Brongniart, in his VegeUau 
Fassiles. 

1. The radiation of the fronds at the top of the fern, as is conunoa 
in tropical ferns. We have now so many specimens exhibiting thia 
character as to prove it beyond all question. 

2. A great and persistent rigidity of the fronds ; so that they are 
almost as often found lying across the laminae of the rock as in coin* 
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cidence with them. This fact can be explained only bj snpposing 
that the accumulation of sand around the prostrate fronds often did 
not flatten them down, becaude so rigid. 

3. The stems below the fronds, from half an inch to four or fiye 
inches across, are common at the new locality ; and though no speci- 
mens have been found connected with the fronds, no other plant occurs 
there, and it is reasonable to suppose the two once united. 

4. In some instances these stems proceed from a common base in 
directions more or less radiated ; showing that several of them grew 
from the same root. 

5. The scolloped or perhaps toothed margin of the fronds. 

6. Fructification. A few fronds have been found with dots upon 
them resembling those on the polypodium. 



6. Upon a Diatokaosous £arth from Nottingham, Calvebt 
Co., Maryland. Bj Christopher Johnston, M. D., Bal- 
timore, Maryland. 

P. T. Tyson, Esq., of Baltimore, very kindly sent me for exami- 
nation a specimen of ^ Tripoli" from Nottingham, that proves to be an 
extremely rich diatomaceous earth, containing forms which, if they do 
not demonstrate its identity with the celebrated Bermuda Tripoli, are 
sufficient to establish its very close resemblance to the latter, as well 
as the relationship which many diatomists have recognized as existing 
between the Bermuda Tripoli and the well-known Richmond Earth. 
Indeed, I feel assured that the Nottingham is the equivalent, at the 
least, of the Bermuda Tripoli ; and that both, if these be twoy are 
derived from the same deposit, which doubtless merges south-westward 
into the Virginia bed. It may not be amiss to state, in this place, that 
last summer I visited Bermudin-Hundreds, on the James River near 
City Point, for the express purpose of finding, if it there existed, the 
famous Tripoli which bears its name ; but my effinrts were entirely 
fruitless. 

In the Nottingham Earth the genus Heliopelta is numerously repre- 
sented ; and this genus, together with the species Craspedodiscus elegans, 
is characteristic of the Bermuda, or, at least, have not been found in any 
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other deposit as far as I am informed. The Nottmgham Earth also 
contains Aulacodiscus Crux, the importance of which is less consider- 
able than the preceding; and other forms, as Actinoptychos, Goni- 
othecium, Gallionella, Actinocjclus, Fyzidicula, etc., which are by no 
means peculiar to the Bermuda, but are met with elsewhere, espedally 
in the Bichmond earth. 

It gives me great pleasure to offer the corroboratiye opinions of two 
gentlemen of much distinction as Scientists. 

Arthur M. Edwards, Esq., writes me as foUows : ^^ Your note <^ the 
14th May, with the enclosed specimens, came duly to hand. The 
Nottingham Earth is an important discovery, and it corroborates nj 
supposition that the celebrated Bermuda Tripoli came fix>m the sane 
deposit. Tour earth ia very near the Bermuda." 

Through the kind offices of Dr. S. Durkee of Boston, I am in 
possession of the subjoined highly valuable letter from Charles Stodder, 
Esq., of the same city, and cabinet keeper of the Boston Natonl 
History Society. 

Boston, 20tfa May, 1860. 
** Deab Sib : — I find in the Nottingham Earth from Dr. Johoston 
the following genera and species : — 

Fyxidicala Craciata* and other species. 



CoBcinodiscus Ocnlas India. 
" Apiculatns.* 

" Llneatas. 

" Maiginatos ? * 

Actinoptychiis Velatns.* 
" Senarins.* 

" Dives. 

ActinocYclas, a ereat variety. 
Heliopelta Ealeni.* 

'' Leeawenhoekii.* 

Metu.* 
" Selligncrii.* 
Oupedodiscna Elegans.* 

" Cosdnodiscns. 

EapodiscnB Bogersii."* 
Orthosira Marina (W. S.). 
Septroneis Cadaceus.* 
Tnceratium Reticalatam.* 
" Pileolos. 
" Acatam.* 
" Obtnaam.* 
" Condecomm.* 
" Solenoceroa. 
Goniothedam Odontella.* 

" Rogeraii.* 

Maatogonla Ocalua chameliontia.* 
** Actiiioptychiis. 



'YXU 

Pleaioaigma. 
Syatphania Corona.* 

" Diadema.* 
Navicola Bidyma (amall).* 
Omphalopelta Cellalofia. 
Rinoaelina. 

Periptera^ like Baile/a unnamed fig. 15. 
Baphoneia.* 



Not Diatomes. 



Dictjocha Qaadratam.* 
'' Ponticaliim. 



Polycyatina. 



Halycaliptra Yirginica. 
Haliomma -^— ? 
Enciytidiam — — ? 



Those marked with an aateriak were 
mentioned by Bailey in hia orinnai pa- 
aa having been found in "Bennada 
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Mr. Stodder proceeds to say, ** If these do not prove the earth to be 
identical with the Bermuda, it is more like it than any other I know of. 
A few of the species have not been found in the Bermuda to my 
knowledge; Actinoptychus dives is a very peculiar species, found by 
Ehrenberg in Aegina Earth, not in the Bermuda. Craspedodiscus 
elegans, I believe has never been discovered except in the Bermuda — 
the same remark applied to the whole of the genus HeHopelta until a 
few months since, when I found a specimen of H. Leeuwenhoekii in 
the Virginia Earth. The variety of Coscinodisci and Actinocydi is 
very great, and will require much study to work them out" 

Thus, it is highly probable that we have re-discovered the lost 
locality, since all evidence declares the striking similarity, if not identity, 
of the Nottingham earth of Maryland and the Bermuda TripolL 

I am informed by Mr. Tyson that the bed, to which attention is 
called in this paper, varies from seven to thirty feet in thickness ; and 
that the extent of the formation, as far as at present known, is about 
twelve miles from north to south, and seven miles from east to west. 
Mr. Tyson has not, as yet, been able to determine whether it belong 
to the upper Eocene or the lower Miocene. 



Descbiption of a new Tbilobitb froh tHB Potsdam 
Sandstone. By Frank H. Bradlet, of New Haven, Coon. ; 
with a Note by E. Billings, of Montreal, Canada. 

Conocephaiites tninutus (n. sp.). 
Fio. 1. Fjo. 9. Fio. 3. 





^ 



Fig. 1. The head magnified. The dotted lines represent the supposed ontlinee 
of the parts not preserved. 
Fig. 8. The pTgidinm magnified. 
Fig. 8. A detached cheek, magnified. 

Cephalic shield apparently semi-circular, or nearly so; anterior 
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margin, as far as preserved, with a narrow slightly elevated rim, just 
within which there is a rather strong groove. Glabella oanieal, 
slightly narrowed at the neck segment, three fourths the whole length 
of the head, very convex and obtusely carinated along the mediaii 
line. Neck segment rounded and prominent; neck furrow narrow^ 
but well defined. There are two pairs of deep glabellar furrows which 
are inclined inwards and backwards at an angle of about 45^ ; their 
inner extremities distant from each other rather more thaa one third the 
width of the glabella. The anterior lobe is a little less than one half 
the whole length of the glabella, excluding the neok segment; the two 
posterior pairs are nearly equal to each other. The glabella is dis- 
tinctly separated from the cheeks by a narrow, deep groove, which 
extends all round. From the anterior lobe on each side a narrow 
filiform ridge curves outwards and backwards on the fixed cheek to 
the edge of the portion preserved. The eyes appear to be sitaaled 
just where these ridges termmate as represei^d in Fig. 1. Judging 
firom the portion of the eye preserved in a detached cheek-plale, its 
form is semi-annular, and its length at least one £>urUi that of die 
glabella. Its distance must be at least one half the width of the glor 
bella. Caudal shield nearly as large as the head, its width scarcely 
equal to half its length ; the lobes nearly equal ; the middle lobe very 
convex with five sharp transverse grooves ; the side lobes somewhat 
fiat, and each with five grooves. 

The largest head discovered is exactly two lines in length. 

The course of the facial suture has not been ascertained. The sur- 
face of the glabella in one of the spedmens appears to foe smooth, bat 
in none of the others can it be distinguished. 

The specimens are mostly in a clayey layer, which is full of frag- 
ments of all degrees of perfection ; in one specimen I count ten heads 
and three tails, all in a fair state of preservation. In two instances, I 
have found the casts of maxillary plates, showing distinctly the ele- 
vated margin, of one of which I give a figure. 

The original specimens were collected (at High Bridge, near Keeae- 
ville, N. Y.) in August, 1856, while on a geological excursion with 
CoL Jewett of Albany, but were not recognized until July, 1857, when 
a second visit to the locality secured a few easU in the solid sandstone, 
none of the clay layer being obtained. By the kindness of Pro£l 
J. D. Dana, the specimens were presented at the American Associatton 
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for Advancement of Science at Montreal, but were not recognized as 
belonging to anj known species. Since that time, I have looked for 
descriptions, but cannot find any to correspond. 

At the same locality, I also procured the cast of a Pleurotomaria, and 
one of what seems to have been a plate from the stem of a crinoid. 

NoU hy JB, BiMngs. — Mr. Bradley having &vored me with a view 
of his very interesting specimens, I think there can be no doubt but 
that they belong to the genus Oonocephaiites. If this reference be 
correct, then we have at least three, if not four species in North 
America. 

1. (7. anHquahiS (Salter), described from ^ a cast in a brown sand* 
stone, said to be a bonldered fragment from Georgia." (See Quart. 
Jour. GeoL Soc vol. XY. p. 554.) 

2. O. miniaus (Bradley). In this species, the form of the glabella 
and its proportions in relation to the length of the head are almost 
precisely the same as in C €mtiqu(Uu$f and yet I think the two are 
not identical, for the following reasons : In the first place, all the speci- 
mens of (7. mintUus are of a nearly uniform size, the length of the 
head being about two lines, and, therefore, it seems probable that they 
are the remains of adult individuals. The total length would thus be 
about half an inch, while Mr. Salter's species is full one inch and three 
fourths. In the second place, the distance of the eye from the glabella, 
in 0. anttquaius is only one third the width of the glabella, but in CI 
minutus it must be at least one half the width. These are the only 
difierences that can be well made out, from the imperfect specimens, 
but they seem to me sufficient to indicate two species. Mr. Salter says 
further, that the lobes of the glabella in C. antiquaius are very 
obscure, and that the ocular ridge, if any existed, must have been very 
slight His specimen was somewhat abraded. In O. minuttu the 
ocular ridge is, for so small a species, very strongly defined, and the 
glabellar furrows are so deep that it would require a very considerable 
amount of abrasion to obliterate them. 

3. (7. Zenkert (n. sp.). This is a new species recently discovered 
in the magnesian limestone near Quebec. It will probably be described 
in the next number of the Canadian Naturalist and Greolc^st. 

4. There is in the collection of the geological survey of Canada, a 
plaster cast of the surface of a fragment of rock which holds four 
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specimens of a trilobite, each about the size of C caUiquaitts^ Tbej 
appear to me to belong to the genus QmocephalUeu The original 
specimen was collected in Newfoundland, in the same shite that holds 
Pcaradoxides BenneUii (Salter), and I am informed that it is in the 
possession of a gentleman who lives somewhere in the United States, 
but whose name or place of residence, I have not been able to ascertain. 
Of the above four species, Mr. Bradlejr's is at present the most 
important as it fixes indisputably, at least one pcnnt in the geological 
range of the genus on this side of the Atlantic. In Europe, Omo- 
cephdUies has not been* found out of the primordial auMie of Barrande, 
but the Quebec and Keeseville specimens show that here it readies the 
Lower Silurian. 

Addii%<mal Note hy E, BiUingt.^^ Since my note to Mr. Bradl^s 
paper was written, he has collected quite a number of new ^edmens 
of 0. minutus at the same localitjr. At his request X have examined 
them and find that they exhibit several of the parts not preserved in 
those upon which the original description was founded. 

Fig. 4 (Nat. size). 
I 



^^ 



Fig. 4. a A detached cheek, showing the small spine of the posterior angle. 

6 e Two spechnens of the glabella, showhig the spine on the ned: segment. 

1. The posterior angles of the head are produced into sh<»t spines, 
as we supposed, but these spines, instead of being elongate-triangnkr 
are sub-cylindrical or needle-shaped and projected outwards at an 
angle of 45^ or thereabouts, to the longitudinal axis of the body. The 
cheek does not appear to be striated but rather smooth. These two 
characters furnish additional grounds for separating the spedes Iran 
O. oMtiquatus (Salter), which has the cheeks striated and the posterior 
angles of the head only slightly produced into short broadly triangular 
terminations. 

2. The neck segment bears a short broad-based spine. The first 
specimens collected do not exhibit this, but on reexamining them I 
think I can see traces of it. Some of the specimens of (7. eoronatui 
(Barrande) lately collected in the Primordial Zone of Spain have a 
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spine on the neck segment of the same form as that of C. mintUuSj 
while others (according to the figures) have not; and it may be that 
individoals of our species will yet be discovered in which the absence 
of the spine can be dearly established. This remark is made here 
because on comparing the figures of the Bohemian and Spanish speci- 
mens of 0. caranaius it would appear that the presence or absence of 
a spine on the neck segment is not always of specific importance and 
should some of those from Keeseville turn out to have only a plain 
neck segment, we would not perhaps on that ground alone be author- 
ized to constitute two species.* 

8. Mr. Bradley's new specimens also show that there are three 
pairs of glabellar furrows, the anterior being represented by two small 
indentations just in advance of the points where the ocular ridges reach 
the glabella ; and further that the course of the facial suture is the 
same as it is in C7. striatus (Emerich). The pygidium is more obtusely 
rounded than is represented in our Fig. 2. 

As to the correctness of the generic reference of this species, it may 
be remarked that Barrande is of opinion that no less than eleven of 
those which Angelin has figured under the genera Sotenopleurti, JEryx, 
Oonocortfphe^ and Barptdes should be placed in Canococephalites. In 
this view of Barrande's, Angelin has concurred, f The genus has 
thus been greatly extended, and judging from the form of the head 
(and more particularly of the glabella) of Angelin's species O. hrachy' 
metcpuSf 0* homelotopusj and (7. canaMcuUUu^ I think we are perfectly 
justified in referring this species to CanocephaUtefi. The genus is most 
closely allied to Calymenef having the same number of segments in the 
thorax — the same number and arrangement of pieces in the head and 
the same general form and lobation of the glabella, the difierences 
between the genera consisting principally in certain characters of the 
pleurae and hypostomaj to whidi may be added the ocular ridge 



* Compare the article, Sur Pextstence de la fount primordiale dans la chatne canta- 
brique, par M. Casiano de Prado ; snivie de la Description des fissiles, par MM. de 
Yemenil et Barrande. Balletin Geol. Soc. France, 2e Series, vol. xvii. p. 516 
(1S60). And also Barrande'a S^tUms Siltmm, plate 13. 

t See Barrande'fl "ParalUUenin Usd£p6U SSuriensdeBohimett de Scandiname/* 
p. 19; and compare the tables on pp. 17 and 35 of the same work. See also, An- 
gelin's PalcBontologia Scandinamoa, 

t See Barrande, " S^stime Silurien du centre de la Bohime," pp. 417-419. 
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which although not a constant character in OonocephaUtes^ maj be 
regarded as of some generic value, as it does not occur at all in 
Cdlymene, I would also state, that since examining Mr. Bradley's 
recent collection, I have been strongly impressed bj the resembUmce 
between the form of the cheek and small needle-shaped posterior 
spines of O. mintUus and the same parts of the head of the Qaebee 
species which I have called Menoeephalus globoiusy and it appeals 
to me that Menoeephalus must be regarded as another closelj allied 
genus. If we except those two genera, Ccdymefhe and MenocephahUj 
there is no other but Oonocephalttes to which our new trilobite 
bears any near affinity. 



n. PHYSICAL GEOGRAPHY. 

1. Remarks on the supposed , Open Sea in the Arctic Ss- 
oiONS. By ^Y. W. WiiKJLDON, of Charlestown, Mass. 

That which has frequently been suggested in the geography of the 
Arctic regions as probable, seems of late years to be freely admitted as 
a theory, namely, an open Polar Sea. In fact, such is now the evi- 
dence in support of an ameliorated climate around the North Pole, that 
the existence of an open sea, in or near the centre of the Polar hasio, 
is regarded by many as an established fact in physical geography.* 

The theory of Lieut Maury, to some extent adopted by others, on 
this subject, appears to be that the waters of the Gulf Stream, are in 
some way, through Baffin's Bay and the Spitzbergen Sea, carried into 
the Arctic Ocean and by their influence maintain an open sea at or 
near the pole. He says, ^ there is an under-current setting from the 
Atlantic through Davis's Straits into the Arctic Ocean," and that 
^ Wrangle's Polynia, to the north of Siberia, if it exist, probably owes 
its freedom from ice to the warm waters of the Gulf Stream, which 

* Some, however, still doabt the existence of an open sea. A writer in the Bdin- 
borgh Review, 1857, says : *' We are boand to say, however, that this noCim of aa 
open sea still awaits further confirmation." Dr. Rink (Royal Geo. Soc.) donbla 
the existence of an open sea, " assnmed to be kept open by a branch of the Golf 
Stream, ifrom Nova Zembla, down Smith's Sonnd to Baffin's Bay,'' Ac. 
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run between Spitzbei^n and the North Cape into the Arctic Ocean." * 
Professor Bache seems to give some countenance to the theory here 
sugge8ted.t Dr. Hajes has repeatedly expressed himself in favor of it ; 
but his great predecessor, Dr. Kane, believing in the evidence which 
points to the existence of a milder climate and an open sea near the 
Pole, is not disposed ^^ to express an opinion as to the influence which 
ocean currents may exert on the temperature of those far northern 
regions." 

Without attempting any controversion of this theory, always so un- 
satisfactory, we may observe that it does not appear to be adequate for 
the purpose proposed, even if there were no other objections to it. It 
seems to us that, while the influence of the Gulf Stream, as such, has 
been unduly enlarged and overrated, <u regards the AreHe Regions^ the 
influence of the OurrenU of the Air^ beyond a certain parallel of lati- 
tude and beyond certain admitted purposes, has been mainly over- 
looked ; and we are unable, from such investigations as we have been 
permitted to make, to resist the conclusion that an open sea, or an 
ameliorated climate, at or near the position of the theoretic pole of the 
earth, is largely if not entirely due to the currenU of the air from the 
equatorial regions, which move in the higher strata of the earth's atmos* 
phersj hearing heat and moisture with them, % 

The circulation of the air from the equatorial regions towards the 
poles of the earth, and thence to the equator again, for the purpose of 
modifying the cold of one region and the heat of the other, is no new 
theory, though it would seem that its proper influence, especially in the 
northern regions, where by fax the most numerous explorations have 
been made, has never been fully admitted. Dr. Buist, more adequately 
perhaps than any other writer, admits this influence. Dr. Hayes re- 
cently said, in one of his public lectures on the subject, '* If it can be 
shown, as assumed, that a milder climate exists about the Pole, it must 



* Maury, '* Carrents of the Ocean/' and Letter of Instmction toladat De Haven. 

t In a recent letter (May, 1860) from Prof. Bache, he expresses his hope that Dr. 
Hajes may reach that open Bea» "where oar great Golf Stream rests from its labors 
after carrying the warmth of the eqnator to temper the cold of the pole." 
' X How fiur the flow of these currents of air from the exact position of the eqnator, 
or either north or south of it, may be affected by the physical constitution of the 
earth, and the disproportion of land between the northern and southern hemispheres, 
may hereafter be an interesting subject of scientific investigation. 
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be owing to the influence of open water;" but Dr. Kane, in speaking 
of the phenomena of the Arctic regions, more justly remarks, ** To 
refer them all to the modification of temperature induced bj the prox- 
imity of open water is onlj to change the form of the question ; for it 
leaves the inquiry unsatisfied, What is the cause of the open water?" 
It is remarkable that the friend and follower of Dr. Kane did not see 
this difiiculty, and the inconclusive nature of his remark. 

In ofiering some of the more prominent suggestions in support of the 
theory of the currents of air, perhaps the first to be spoken of is the 
prevalence of the warm element in winds blowing from the north and 
north-east (true). These winds, with some variations and still more 
uncertainty of compass-direction, are mentioned so generally by Arctie 
explorers, and confirmed by whalers and others, that the fact of the 
extraordinary presence of warm air in those &ozen regions, in mid- 
winter, may be considered as fully established. The result |>btaiiied 
from the recorded observations of Dr. Kane, discussed by Mr. Schott, 
is, '' that the south-east (magnetic), north-north-east (true) winds had 
the effect of elevating the temperature of the air even in the winter 
months, which [says Mr. Schott] may be supposed to have arisen 
from its originating or blowing over a water area, partially open (this 
water would have a surface temperature of 29^ Fah.). The direction 
points across Washington Land and Kennedy Channel, as the seat of 
this influencing area."* Sir Edward Parry also found at Melville 
Island, Winter Harbor, that the northerly winds were often warm. But 
the experience of Capt McClintock, in his recent successful voyage of 
search for the remains of Sir John Franklin's expedition, is. still more 
remarkable, and his own suggestion, the first to be found recorded in 
any similar work, was welcomed by us as a most satisfactory illustra- 
tion of a theory so long entertained.t The following is Capt. McChn- 
tock's statement : — 

<< Nov. 1857, Melville Bay. 23d. A heavy gale commenced at N. 
£. on the 21st, and continued for thirty-six hours unabated in force, 
but changed in direction to S. S. W. It appears to have been a revolv- 
ing storm, moving to the N. W. Yesterday, as the wind approadied 



« AflsiBtant Charles A. Sdiott, letter to A. D. Bacfae, dated Dec 4, 1859. 
t The writer has entertained his theory for many years, and made a poblic 
ment of it before Capt. McClintock sailed on his voyage. 
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S. E. the temperatjire rose to -f- ^^^» ^^^ upper deck sloppy; the 
lower deck temperature during Diyine service was 75^!! As the wind 
veered round to S. S. W. the wind moderated, and temperature fell : 
this evening it is — ^7^. How is it that the S. E. wind has brought us 
such a very high temperature ? Even if it traversed an unfrozen sea 
it could not have derived from thence a higher temperature than 29^ 
Has it swept across Greenland — that vast superficies partly enveloped 
in glacier, partly in snow ? Ifo, it must have been home in the higher 
regions of the atmosphere from the far souths in order to mitigate the 
severity ofihie northern eUmate, [The italics are ours]. 

^ Petersen tells me the same warm S. E. wind suddenly sweeps over 
Upemavik in mid-winter, bringing with it abundance of rain ; and that 
it always shifts to the S. W.,* and then the temperature rapidly falls ; 
this is precisely the change we have experienced in lat 75^. I believe 
a somewhat similar, but less remarkable, change of temperature was 
noticed in Smith's Sound, lat 78}^ N/' — pp. 68, 64. 

The constant occurrence of fogs throughout the Arctic regions, and 
especially towards the north, at all seasons of the year, is remarked by 
all explorers. Dr. Hayes says : 

<< The record most commonly is, a most curious phenomenon was 
witnessed upon the north horizon: a heavy mist-bank floated there 
almost continually, and 'mist-bank in the north horizon' became a 
stereotyped entry upon our meteorological tables." 

If we suppose these fogs to be regarded, as they generally are, as 
arising from open water, they only go to indicate the existence of such 
open water, which they do not in any degree account for. Some of the 
lesser fogs are, no doubt, local, produced over small openings in the 
water, wherever such occur from any local cause, and these are some- 
times denominated 'Mce-smoke." Falls of snow and rain are of fre- 
quent occurrence, and in some cases of record are reported almost 
daily.f Storms of great violence rise suddenly, and in many cases as 
suddenly cease. It is remarked by some navigators, who have spent 

* The points of oompass hero giyen are probably magnetic, bat these are fo va- 
rioiuly stated by ezplorers, in regions of such great rariation, that they are often 
unreliable and not to be depended upon. 

t Mr. Bchott, in his paper on Dr. Kane's obserrations, nys: "la seventeen 
months [in one locality. Van Rensaelaer Harbor], it snowed 6S0 hoars, and nuned 
daring sixty boon. Snow fW in all the months of the year, but raia onl^ in Joly." 

VOL. xrv. 15 
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months in the Arctic re^ons, that thej do not reiyember to have eee& 
the seas and the horizon both free from cloud even in the clearest 
weather. In the jear from September, 1858, to September, 1854, in 
lat 78^ 4(/ about, Dr. Kane records onlj seventy-diree dear days, 
averaging six to each month, the most of these in the winter montba, 
and the largest number (thirteen) in November. In the snooeeding 
eight months, frx>m September, 1854, to April, 1855, botb montb in- 
clusive, fiflby-fonr clear days were noticed, seventeen of these in D^ 
cember. Gapt. Beechey, June 26, 1818, sajs : ** We bad a fiedl of snow, 
and at noon, for the first time since crossing the Arctic circle, a shower 
of rain, which, although the summer was so far advanced, cased ereiy 
rope in ice as it fell." The rain, .as is often the case in lower latitades, 
was warmer than the air. Ailer the rain ** the gale abated, and the 
next daj it fell calm." It would seem that these constant fogs and the 
frequent falls of snow and rain, and espedallj the changes from snow 
to rain (reported more particularlj by Gapt. Parry and others), cm 
scarcely be accounted for on any satisfiiictory basis without admittiDg 
the presence of warm air and moisture from the equatorial regions. 

There are in the northern regions of America, Europe, and Asa, a 
number of large rivers, which flow northwardly into the Arctic Ocean. 
These rivers must necessarily be kept open for a considerable poitira 
of the year, and the ice and snow which accumulate about their 
sources and along their banks, for their supply, must be melted bj 
some influence, and their waters returned to the ocean — and this in and 
through regions of almost perpetual congelation. It seems to be almost 
impossible that the sun, during his continuance above the horizon and 
from the indirection of his beams, can exert sufficient power to effect this 
necessary purpose, either among the mountains or in lands whose gen* 
eral slope must be towards the Arctic Ocean. The warm air in the 
equatorial currents, and the warm rains which they bring, must do here 
that which the sun by his presence cannot possibly accomplish. 

The equatorial regions are considered to include, north and south of 
the equator, some forty-seven degrees of latitude ; and the air which 
rises into the atmosphere from this vast region is reported to be of 
different degrees of temperature, varying from 100^ to 70^ of FaLand 
evaporating from the oceanic surface from one hundred to thirty-seTcn 
inches of water annually, as an approximate average. Of course, the 
currents of air will rise to different heights, depending upon its rarefikc- 
tion and moisture, and be subject to the influence of the different states 
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of the atmosphere which they may reach. The less rarefied, parting with 
its caloric and moisture more quickly, will descend in lower latitudes ; 
while that of higher temperature, reaching higher regions, must de- 
scend in higher latitudes, at or near the poles of the earth. It will be 
remembered that this air from the equatorial regions rises, more or less 
equally, from the vast space indicated by the lines of latitude, and from 
the entire circumference of the earth at its greatest diameter, conyerg* 
ing as it approaches the poles, correspondingly it may be to the lines of 
longitude, and subject of course to be influenced by the diurnal motion 
of the earth. The currents from o^^osite directions, high in the atmos- 
phere, and descending to supply the place of the air moving towards 
the equator, to maintain the circulation, must necessarily meet and 
counterbalance each other, producing those calms in the northern 
regions said to occur more frequently than the winds from all di- 
rections added together. Passing from the central regions of the 
earth, where its diurnal velocity id the greatest, it is subjected to a 
slower movement as it approaches the poles ; and from its convergence 
and intermingling, with varying proportions of heat and moisture, as 
from the burning regions of Africa on one side, and the moist surface of 
the Pacific Ocean on the other, would be likely to produce much of 
that elemental strife and other remarkable phenomena of the Arctic 
regions, not otherwise accounted for. 

The poles of greatest cold in the north are located on the American 
and Asiatic continents at about lat 78^ (though probably varying from 
this degree), and are found to correspond, approximately at least, with 
the magnetic poles. The position of these poles of cold, so many de- 
grees south of the pole of the earth, not heretofore accounted for, does 
not seem to confli(^ with the theory of the currents of warm air from 
the equatorial regions, but rather to strengthen it. While an open sea, 
or an ameliorated climate, would be maintained at or near the pole by 
the influence of the descending air and fall of moisture, of a comparar 
tively high temperature, the region further to the south, wer which the 
equatorial currents, when not otherwise influenced by opposing cur- 
rents, would generally pass, would necessarily be the region of ex- 
tremest cold — because too distant to be reached by any direct or 
surface influence from the warm latitudes of the south, and likewise dis- 
tant from the immediate action of the descending currents of warmer 
air at the north. The warming influence of the sun cannot have the 



172 B. NATTTBJLL HI8T0BT. 

effect it exerts in lower latitades^ and the warm air from the equatorial 
regions passes over and heyond it* 

The Arctic Ocean, it seems, to the north of a certain limit, — Taiying 
douhtless in different years, and more or less at different seasons, — is 
surrounded bj an ice^belt, and so far as explored, encumbered with ice 
in masses of greater or less magnitude. It has heretofore been sup- 
posed that a large portion of it, near and around the pole, is covered 
with solid masses or extensive fields of ice, and Capt* Farrj, with all 
his experience, in 1827, expected to be able to travel over these fieldi 
even with reindeer to draw his sledges, to the region of the pole ! He 
expressed his disappointment in this respect, when, after travelling 
twenty days over the hummocks and through the floes with incredible 
labor, to lat. 82'' 17' 10" (without his reindeer), he ''began to doabl 
whether he should at all meet with the solid fields of unbroken ice 
which every account had led him to expect at a much lower latitude." 
Capt. Parry made in this expedition the highest northing which has 
ever been made, and it appears from his account, as from others, that 
the Arctic Ocean, as far as explored, is covered with hummocks and 
masses of broken ice, excepting, perhaps, some uncertain statements 
of open water seen in different directions, and the reported absdate 
view of the sea by Morton. 

Among all the attempts which have been made in a period of more 
than 800 years, to explore the Arctic regions, the attempt of CapL 
Parry, with sledges and boats, in 1827, is one of the most remarkable ; 
and if his ** excursion," as he called it, proved any thing, it proved that 
the currents (about which there prevails the greatest uncertainty, and 
most conflicting testimony), set out of the Arctic Ocean, and that an 
ameliorated climate was likely to be found at the north, where, from his 
experience, a conclusion might be drawn that it rained almost contin- 
ually. On the third of July, after recording rains almost every day, in 
lat 82** 8' 19", he says the snow had changed to a heavy rain [?], and 
^ had produced even greater effect than the sun in softening the ice."* 

* This point, as well as some others in this discussion, may be enlaiiged upon hen- 
after, when the positions of the poles of cold are mora folly illustrated, and the iso- 
thermal lines of the Arctic B^ons better established, though neither of these will 
probably be mora than approximately determined at any period. It will be an 
important fact to know hereafter, whether if the poles of cold are found to be 
changeable, the magnetic poles will be foxmd to be changeable also. 
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On the next day, they were again annoyed by a heavy rain, the ther- 
mometer in the shade at 35^ and 36^ ; and in reference to the frequent 
rains, at a point further north than ever reached before or since, Capt. 
Parry remarks, that *^ he had experienced more rain in the course of 
this summer than during the whole of seven previous summers taken 
togetherj though passed in latitudes from seven to fifteen degrees lower 
than thisy' — where probably the rain fall would be less. He evidently 
did not look for rain so far north as he had reached, but rather for 
boundless fields of ice, on which he might pass over the very axis of the 
earth. The ice, however, became so thin and rotten that only one 
person was allowed to pass from floe to floe at a time, and the baggage 
and provisions were transported with the greatest labor and caution. 
He had rain nearly every day, and found large ponds of fresh water on 
the ice, which appeared to be lower than they had previously been. 
Water-birds and gulls were seen here, and he mentions as a matter of 
** ridiculous importance " the finding of two small flies on the ice ! Capt. 
Parry travelled 292 miles in thirty-five days, but owing to his circuitous 
course and the drift of the current, was only 172 miles from his ship at 
Spitzbergen; and as he could make no further progress against the 
current, over the broken and unsafe ice, was compelled to retuni| 
aided by a drift of several miles per day. 

Thus ended this remarkable *' excursion/' — a total failure as to the 
attainment of its object, but apparently proving the existence of an 
ameliorated climate at the north, and, it may be, demonstrating the pos- 
sibility of reaching the region of the pole by some other route and 
better arranged means. As regards its results, they seem to afford no 
ground to sustain the Gulf Stream theory of the open sea, if they do 
not wholly unsettle it 

There is not in all physical science, probably, a more sublime arrange- 
ment, illustrative of the wisdom of the Creator, for the most beneficent of 
purposes and the accomplishment of such important ends, than that 
which we have been endeavoring to illustrate, namely, the circulation 
of the air from the equatorial regions to the north and south extremes, 
where the sun's rays do not exert that genial and life-giving influence 
with which it directly endows other portions of the earth. We have 
now partially and in a somewhat cursory and unscientific way, pre- 
sented some views pertaining to this subject and bearing upon the ques- 
tion of an open sea, or ameliorated dimate, at the north, — which, 

15* 
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however small their daim to originality, or right to he regarded aa a 
theory, may yet he entitled to some farther oonsideration. There are 
many facts and groups of facts, in physical science and meieonAogf^ 
recorded in the numerous works of Arctic explorers and sdentifie 
writers, more or less connected with this subject^ to which we haire not 
even alluded. These may yet be considered, and their proper weight 
allowed upon the views presented. Of one things however, we may 
feel quite certain : the purposes of the great heat of the equalonai 
regions, once prodoced and carried into the air, not there to be 
hilated, cannot be wholly misunderstood ; and those purposes, it i 
to us, are unaccomplished if their influence be not visiUe, as we have 
endeavored to show, at the extreme ends of the earth, tovrarda wfai^ 
they tend and where their influence is most required. Uolesa this be 
so the sceptic may declare the wisdom and power of God nneqiiai to 
his beneficent purposes, and the polar regions may really be what aone 
philosophers have supposed, not only regions of utter ^^rVnf^ffa^ bat of 
perpetual stagnation and death. 
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1. The Ahericajt Beindeer. By L. E. Chittskdeit, of Burling- 
ton, Vermont. 

Baxoifeb caribou, Baird, Aud, j- Bach, 
Cbbvus TABANDiTs, Bxchordson, 
Cebtus hastalis, Agasdz. 

Dr. Richardson, whose opportunities for the study of the fiunia 
of Northern America, have equalled those of any other naturalist, has 
partially described two varieties of this ruminant, under the names of 
the ^^harreg^ ground"^ and " Woodland** cariboo. Professor Baiid 
adopts, with some hesitation, the same division into varieties, and gives 
to the former the name of froanlandkus. He adopts the description 
given by Audubon and Bachman, not having the means of fonuahiiig 
an original account of either animaL 

Although specimens are not very difficult to be pvocazed, the cariboa 
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appears to be less accurately known to naturalists than any other of 
the American Oervida. Almost the only description that has fallen 
under my notice, which has much claim to scientiflc accuracy, is Dr. 
Bichardson's. That is quite imperfect and erroneous. Some of its 
errors I hope to correct in the present paper. 

I have recently made a thorough examination of two specimens of 
what is called the ^^9yh>ettr%8^ or woodland yariety, and have seen 
several skins and antlers, of what were supposed to be specimens of 
the smaller species. I have also had a very considerable correspond- 
ence with reliable gentlemen in various parts of the British Ameri- 
can provinces, acquainted with the habits of this animal, whose 
accounts, written, or given under circumstances precluding consulta- 
tion, present too striking a coincidence on all points of importance, to 
admit the suspicion of inaccuracy of description. The information 
thus derived, has been compared with such published accounts as have 
been accessible to me, and the results are given in the present paper. 

Geographical distrihUton* 

There is no doubt that the caribou inhabiting the so-called barren 
grounds of British America, is much inferior in size to the animal 
found in the wooded portions of the country. I use the terms wood^ 
land and barren ground, only to indicate this difference in size, without 
intending to assert that one differs in any other respect from the other. 
My views on that subject will be hereafter expressed. 

The limits of the habitat of the American reindeer cannot be well 
understood, without a glance at the physical peculiarities of the coun- 
try, to the northward of the forty-eighth parallel of north latitude. A 
district lying between the coast of Labrador and Hudson's Bay, and 
another lying between the sixty-second parallel and the Polar Sea, pass 
under the general name of the barren grounds. These are traversed 
by a few rivers, some of whose banks are unwooded, while others are 
skirted by a narrow growth of stunted trees. Throughout these 
regions, numerous conical hills of flHgfat elevation are distributed, 
formed of the primitive rock, the volleys between which sometimes 
contain a soil of sufflcieni strength to sustain a dwarfed growth of the 
wiUow and black spruce, but more generally the soil consists of the 
debris of rocks, which is a coarsci dry quartzose sand, unit for the 
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support of any thing but lichens. The Hudson's Bay Company, whose 
posts are maintained throughout the habitable portions of the British 
provinces in America, with difficulty maintains stations at points wideij 
separated, on these lands, during portions of the year, while a few 
wretched families of Esquimaux and Chipewyan Indians, termed 
from their mode of subsistence, caribou eaters^ are the only human 
beings that constantly reside on them. A vivid description of the 
northern portion of this arctic desert, lying between Melville Peninsula 
on the east, and Mackenzie's River on the west, is found in the accoont 
given by Dr. Richardson of his overland journey in search of Sir 
John Franklin in the year 1848. The characteristic inhabitants of 
these lands are the musk ox and the smaller caribou^ and in their 
almost unbroken solitudes, the latter animal is found in numbers ap- 
proaching those of the bison herds upon the north-western prairies. 
The rivers which discharge their waters into the northern portion of 
the Gulf of St Lawrence, penetrate a section of this district, and on 
their banks this animal rears its young as far south as the fifty-first 
parallel of north latitude. Gentlemen whose authority may be confi- 
dently trusted, who are accustomed to resort to these rivers during the 
season of salmon fishing, inform me, that caribou are frequently seen 
on the plains, at short distances from the river banks, in numbers vary- 
ing from single pairs to hundreds. 

From Fort William, on Lake Superior, there is a route of water 
communication, broken by numerous portages extending to the north- 
west, through Rainy Lake, Lake of the Woods, and Lake Winnip^ to 
the Saskatchewan River ; thence via Lake Athabasca and the Great 
Slave Lake to Mackenzie's River, which is very near the eastern 
limit of the great limestone deposit, which extends far toward the east- 
em slope of the Rocky Mountains. Between this line and the barren 
grounds is a wide extent of country, sometimes called the *^ Eastern 
dLstrict." The well-known deflection of the isothermal line to the 
northwest ^ves to this limestone region, as far north as Peace River in 
latitude fifty-seven north, a climate having a mean temperature 
scarcely colder than is found on the meridian of Boston in latitude 
forty-five degrees north. The alluvial valleys of this region are 
covered with a heavy arborescent growth, not unlike that of the valleys 
of New England. To the northeast of this line, however, the country 
presents a far different physical appearance. Its southern portion. 
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sonth of a line in the course of the St Lawrence and the Great Lakes, 
and from three to five degrees distant from them, is the great Pine Dis- 
trict of the Canadas. To the north of this line, is a wide extent of 
elevated country, which is drained to the south by the Saguenaj, Aux 
Lievres, Gatineau, Ottawa, and other rivers, and to the north by 
numerous streams discharging their waters into Hudson's Bay and the 
Polar Sea. This country is for the most part made up of extensive 
morasses, occasionally broken by slightly elevated ridges. Li these 
morasses are many islands of comparatively solid ground, to which 
have been given the expressive name of ^ marsh cakes." These are 
covered with a dwarfed growth of black spruce, larch, and fur, from 
the branches of which depends in large quantities a long, light-colored 
moss, a lichen, containing a nutritious element richer than that of the 
less developed lichens of the barren grounds. These marshes are the 
proper habitat of the larger or woodland caribou^ whose physical struc* 
ture (as will be hereafter seen) admirably adapts it to such treacherous 
ground. 

Its migrations are performed like those of all the migratory Arctic, 
fauna, to the northward in spring, and to the southward in autumn. 
I am aware that a different opinion is expressed, as to the time of these 
migrations, by Dr. Eichardson, who states upon the information of 
others only, that ** in their migrations to the south, they cross the Nel- 
son and Severn Rivers in May, and to the north in September." If 
this is true, I think it must be owing to some geographical peculiarities 
connected with the south-western shore of Hudson's Bay, for I am 
assured by intelligent correspondents who have passed both winter 
and summer in the northern portions of the Pine district, that the 
caribou only makes its appearance within the limits of that district in, 
winter, and Dr. Richardson himself found them during the expedition 
of 1848, as far north as latitude 69^ AV in the month of August 
These migrations in some cases extend £Eir south of the Pine districts, 
individuals having been found upon Isle Royale in Lake Superior, and 
in Aroostook county, Maine. They are not unfrequently seen in the 
provinces of Newfoundland and New Brunswick, and it is stated, 
though upon very questionable authority, that the caribou has been 
found in the northern parts of Vermont and New Hampshire, and 
among the Adirondack mountains of New York. I have not found 
any sufficient evidence to show that these migrations ever extend as &r 
south as the forty-fifth parallel of north latitude. 
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It is rarely seen in that part of the limestone district, south of Peace 
Biver, the climate and ground being wholly unsuited to its habits d 
life. 

Dr. Richardson stated in his Journal of 1828, that a larger kind of 
caribou was found among the Rock j Mountains, but declared that he 
had seen no specimen of its skin or antlers. In the account of his 
expedition in 1848 he says, referring to the Rocky Mountains : ^Rein- 
deer of a much larger size and darker color than the barren groond 
variety frequent the mountain yaUeys." If they exist there at all, their 
range must be confined to the valleys, for it is obvious that their an- 
atomical structure unfits them for life upon elevated mountain slopes. 
In New Caledonia, between the mountains and the Pacific coast, it is 
commonly found, and also along the shores of the Polar Sea and the 
neighboring islands, from Mackenzie's River to Victoria Land. Its 
northern limit can be defined with far less accuracy than its southern, 
but it is well established, that what is called the smaller varietj, ex- 
tends its migrations farther to the north than the other, and the females 
and fawns of this variety, fiu*ther than the males. 

It was found by Capt. Sabine on the North Greorgian islands and 
the adjacent mainland in latitude seventy-five degrees north, and he 
includes it among the nine species of mammiferons aninaals inhabiting 
those islands. The skins of a small species of deer, which can be 
none other than this variety, have often been obtained from the nativa 
of Nootka Sound ; and the many readers of the Arctic Journal of the 
lamented Kane, will not forget the ^ Bennesoak ** that furnished ^^the 
glorious meal, such as the compensations of Providence reserve for 
starving men alone,*' to the worn down, scurvy stricken crew of the 
Advance in latitude 78° 40' on the 23d of February, 1855. 

It may be well to state in this connection that the lichens npon 
which the smaller reindeer feeds, are the eomtculana trisHs and 
divergenSy the ceiraria nivalis^ cucullaia and islcmdtcii, and sometimes 
upon the gyrophora or tripe de roche, so often resorted to for the sup- 
port of human life. These are spread over a wide extent of country 
within the Arctic circle, and are most prized by these animals when 
the melting snows render them soft and tender. But enough has been 
said to show that the reindeer is distributed over a wider extent of 
country than any other species of the American Cervidse. 
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species — Varieties. 

I have thus far spoken of two varieties of this ruminant, the ^ wood- 
land " and the ^ barren ground," as being distinct from each other. Of 
the propriety of this distinction Dr. Richardson appears to entertain 
no doubt. Professor Baird, however, is by no means inspired with the 
same confidence in this respect, and with the characteristic caution 
which gives such value to his classifications sajs, ^ the opinion is gain- 
ing ground, that the barren groun^ reindeer is distinct from the wood- 
land," and that 'Mt would seem most prolcMe that it cannot be the 
same with the animal inhabiting the circumpolar regions of the old 
world." 

I share to the fullest extent in the doubts of those who hesitate to 
believe in the existence of two varieties. It is very certain that all 
the points of difference hitherto pointed out are decidedly unsatisfactory. 
I am aware that certain anatomical distinctions have been claimed, 
such as are found in the works of Dr. King, who asserts that the barren- 
ground species is peculiar in the form of its liver and in not possessing 
a receptacle for bile, but he regrets that the loss of his collection 
prevents him from establishing the truth of these assertions. 

The first, and most obvious diversity, is said to be in size. The 
weight of the barren-ground variety is given by Professor Baird at 
from eighty to one hundred and twenty-five pounds, and by Dr. Bichard- 
son at from ninety to one hundred and thirty pounds, exclusive of offal. 
This weight does not much exceed that of the Cervus VirginianuSy for 
I have seen many dressed animals of the latter species, the weight of 
which much exceeded one hundred and thirty pounds. But in Parry's 
first voyage, adult specimens of the reindeer were killed, which when 
dressed weighed only from fifty to sixty pounds, and in this connection 
what shall be said of the specimen already referred to, which was 
killed by the hunter Hans, in the Kane expedition, which measured 
five feet one inch in girth, six feet two inches in length, and stood as 
large as a two years heifer, the weight of which was estimated at, and 
from these measurements, obviously, cannot have been less than three 
hundred pounds, with the long tuft of white hair depending from the 
under part of his neck^ giving an appearance of excessive weight to 
the front view ? The animal here described in height, length, weight, 
and especially in the white tuft hanging from the neck, corresponds sin- 
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galarlj with the description hereafter given of an adult specimen of the 
so-called woodland variety, killed in the month of March, near the pine- 
wooded banks of the Aux Lievres River. It is nowhere asserted or 
daimedy I believe, that the woodland variety is found on tlie Gieeu- 
landic peninsula. In fact every description given by Dr. Ejiney 
applies with more propriety to the larger than to the smaller Tariety, 
if two such exist 

Captain Parry found individuals on Melville Island weighing one 
hundred and eighty pounds. , 

I have not seen the weight of the larger caribou stated, elsewhere 
than in an article in the new American Encyclopedia, where it is 
given at from two hundred and fifly to three hundred pounds. What 
means of arriving at such a conclusion were possessed by the writer of 
that article, are not given ; but from the tenor of the article in other 
respects, it can hardly be supposed they were extraordinary. 

Another point of difference, and one more generally relied on, is 
said to be found in the thickness, weight, and curvature of the antkzs, 
those of the Arctic variety it is claimed, being much larger, heavier, 
and more gracefully curved than the other. In Professor Baird's 
description a wood-cut is given of a right antler from North GreenlandL 
Dr. Richardson gives figures of two, taken from old bucks kiUed near 
Fort Enterprise, which differ only from that of Professor Baird in 
being slightly more palmated. It is also stated that in the woodland 
caribou, the brow antler is wanting. But there is a pair of antlers in 
the possession of Professor Leonard Marsh of the Universi^ of 
Vermont, procured by L. 6. Bigelow, Esq., from the lumber le^oa 
before referred to, taken from a buck killed near Zae de Cerfy in the 
interior of a district hundreds of miles from any of the barren grounds, 
where the smaller variety is not found, which have not only the brow 
antlers (which form a prominent characteristic of all these cuts, and 
are shaped like the figures in question), but are longer and curved more 
gracefully than any of them. Moreover, these antlers exactly fit the 
skull of the specimen I have described below. I am therefore confi- 
dent that no difference can be predicated of these two assumed varie- 
ties, based upon any comparison of the antlers, and I very much doubt 
whether any examination will detect others more satisfactory. Upon 
the evidence as it now stands, I am inclined to adopt the expressions, 
vrithout by any means acceding to the conclusions, of the last brilliant 
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transmutation theorist in species, and to daim that there is but a single 
species or variety of the American Reindeer^ and that in the ^ struggle 
for existence" on the unsheltered barren grounds, within the Arctic 
circle, unprotected from the severities of an Arctic climate, subsisting 
upon innutritions food, the animal has degenerated in size and activity ; 
while a more nutritious food, found in greater quantities, the shelter 
and protection of the wooded swamps of the Eastern district, have 
made of the so-called woodland variety a ''more favored race," a 
larger and more perfect animal ; but that these will not become different 
species or even varieties any sooner than the runts and fantails of the 
same author will become transmuted into any thing else than pigeons. 

Description. 

The following is a description of an adult male, killed on the first 
day of March 1860, on Lac de Cerf about three miles east of Riviere 
du Lievre, and about eighty miles north of the confluence of that 
river with the Ottawa, near the forty-eighth degree of north latitude. 

The muzzle is entirely covered with hair, which over the body is 
long, erect, very compact, and brittle: throat maned. Hoofs, broad 
and depressed. Accessory hoofs, very fully developed. The external 
metatarsal gland, above the middle of the leg. Without antlers, but 
with indications upon the skull of their having been recently cast 
Tail, short and depressed. The skull has a large nasal cavity, rather 
more than half as long as the distance to the first grinder : the inter- 
maxillary moderate, reaching nearly to the nasal. 

The exterior color of this specimen varies from pure white to 
fulvous brown, the prevailing color of the anterior portion being 
grayish white, and of the posterior, brown. The white color next the 
skin is invariably clear, the pure white and grayish colors not blending, 
but having their edges sharply defined. The color of the brown portion 
is confined to the tips of the hairs, changing to light gray and whitish 
toward the skin. The edges of the lips (which are fleshy), the muzzle 
and nostrils, white. The cheeks and upper part of the head, dark 
brown, growing h'ghter toward the upper fore neck, which, with the 
inferior portion of the under jaw, is tawny white. Neck, which is 
short and muscular, is grayish white, darker above, so that a ridge 
along the top is a pepper-and-salt color: lower part of the neck 
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nearly pure white. On the lower part of the nedc extending aboot 
half the length of it, from the point of the stenmn, is a long ooane 
mane of white hairs, the longest of which measure 9.5 inches. An 
irregularly shaped patch of white extending fnm the neck aloi^ the 
middle of each shoulder. The upper parts of the shonldersy bad:, 
rump, and flanks, dark fulvous brown, changing to white on the beDy, 
and below and around the anal region. Prevailing color of the legSy 
light brown. The tail is bushy, and entirely white except a portion of 
the upper sur&ce an inch and a half in width, and extending firom the 
roots an inch and a half, which is brown. The hairs are flattened. 
An irregular whitish spot oa the inside of each tarsal joint, and 
a white band about an inch in width, entirely surrounds each leg 
above the hoof and accessory hoof. The cleft between the phalanges 
is lined with white hairs. The exterior of the hoofs and accessory 
hoofs is black, the interior dark gray. 

The ears are on the outside dark yellowish brown, somewhat lighter 
on the inside^ covered on both the exterior and interior surfiuses with 
short hair* 

The general form of the animal is compact and muscular, having 
none of the awkwardness of the moose, and but little of the delicate, 
giacefbl contour of the Oervus Virginianus* 

Measurements, 

Tijfliw 

Height at ihonldexs 52j0 

« " romp 52.4 

Length from noee to root of tail S3.0 

" oftafl 4.0 

" of hoof from point to union with akin ..... . 4U> 

*' from point of hoof to bottom of deft between phalanges 8.0 

" of aooeaeoiy hoofs a^ 

Greatest width of acoeiaoiy hoof 1.5 

Length of nhia 11.6 

" ofhomems IS.0 

** from pouit of posterior hoof to end of phalanges ... .8.0 

<* thence along metatarsal to end of OS ooJeti iSjO 

" of tibia 153 

CSrcnrnfeienoe of hoof at union with skin 9.5 

" " fore leg at smallest pouat below knee 5.0 

" " " above accessoiy hoof 10.0 

Diameter of spread track .8.0 
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Length fiom nose to root of ear 16.0 

Height of ears, posteriorly 7.0 

" " " anteriorly eJi 

" " " interaaUy, above skull 6.5 

Width of nostrU 1.4 




MeaswemerU of the Anders above referred to. 

Circumferenoe of main stem at the base, seven inches* Two brow 
antlers, extending from about tbree inches above the root of the main 
stems directly forward : length respectively, fourteen and 17.5 inches i 
each dividing, one at three, the other at eight inches from the basei, 
and each prong again subdivided within about four inches of the end. 
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Width of brow antler at widest part, three inches. The two main 
branches start from the main stem four inches above the brow antlers, 
and are each twentj-three inches long, extending forward. These are 
again divided and subdivided. Their circamference at the base, eight 
inches; width of widest part of main stem, 5.5 inches. Number of 
points from each stem aside from brow antler and main branch, five ; 
length of longest, four inches. Length of main stem, fortj-three inches ; 
distance between tips, seventeen inches. Greatest distance between 
main stems, twenty-seven inches. Greatest deflectaon in curve of main 
stems from tip to base, 11.5 inches. 

Another specimen, killed near the same place on the 15th of Febru- 
ary, 1860, is a female, and much smaller. The color, general aspect, 
and specific characters the same. 

Morphological and Physiological PecuUarities, 

The width, size, and general position of the brow antlers^ as they 
are termed, distinguish this deer from any of the other oervidse ; while 
the clefi; hoofs and broad accessory hoofs, with the depressed char- 
acter of the hoofs themselves, together presenting a sur&ce to support 
the weight of the animal equivalent to a circle, the diameter of which 
is not less than eight inches, form another peculiarity of the species, 
enabling the individual to support its weight on the crust of deep 
snows, or on the soft ground of the morasses. 

Among other noticeable structures is a trachea of very extraordinary 
diameter, with a respiratory apparatus of great power ; this, joined to 
a remarkable muscular development, particularly at the shoulders and 
haunches, must give to the Caribou great speed and endurance. An 
intelligent observer, Mr. R. J. Lusk, of Ottawa City, writes that 
^ their speed is so great, that they cannot be run down at any season 
of the year," and that << Indians have followed herds of them for many 
days in succession, and then found themselves farther from the herd 
than when they started. The Indians all agree that they cannot be 
taken except by stealth." He refers, also, to an instance where a stag- 
hound which could catch the common deer with ease, was started after 
a herd of nineteen on Lac de Cerf, when the herd ran away from him 
so quickly that he seemed to be almost stationary. He gave chase all 
day, the Caribou running from lake to lake, but in the evening gave it 
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up. The pelage is erect and very compact, and the skins form an 
article of clothing better adapted than any other for Arctic travelling, 
and afi<H*d an adequate protection for the animal agamst the intense 
severity of winter within the Arctic circle. I have not been able to 
discover the '^eisC or bag in the lower part of the neck, about the big* 
Bess of a crown piece, and filled with fine flaxen hair, neatly coiled 
around to the thickness of an inch," described by Mr. Hutchins, and I 
am sceptical as to its existence. The form of the antlers varies so 
much in difiereAt individuals, that nothing can certainly be determined 
from them in regard to sex or age. Their greatest growth is unquestion- 
ably produced when the animal is in its most vigorous condition, and I 
see no reason to question the statements of those who speak of their 
weight as sometimes reaching forty or fifty pounds. 

When in condition, there is a layer of fat deposited on the back and 
rump of the males, to the depth of two or three inches or more, inmiedi- 
ately under the skin, which is termed depauiUe by the Canadian voy- 
ageurs, and as an article of Indian traffic it is oftra of more value than 
all the remainder of the body. This is thickest at the oommenoement 
of the ruttmg season ; it then becomes of a red color and acquires a 
high flavor, and soon afterwards disappears. The females at that 
period are lean, but in the course of the winter they acquire a small 
depouOU, which is exhausted soon after they drop their young. The 
uses of the Caribou to the Indians of the barren ground, are almost as 
numerous as those of the Beindeer in Lapland. The flesh, which, in 
condition, surpasses the finest venison in flavor, is eaten separately or 
enters largely into the manufiicture of pemmican, the staple food of the 
Arctic zone. Of its horns are made fish spears and hooks, as well as 
ice chisels and other tools, and the skin dressed with the fur supplies the 
place of both bknket and bed to the inhabitants of the Arctic wilds* 
When properly dressed, it makes an excellent leather, and the skins 
sewed together are used for making tents. The shin bone, split so as 
to present a sharp edge, is used as a knife. The undressed hide is cut 
into thongs which are applied to many uses, and a very good article of 
sewing thread is made by splitting the tendons of its dorsal muscles. 

16 • 
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BdhltS. 

The Caribou is the only American deer that can with mnch propriety 
be called gregarious. Though the moose and common red deer axe 
sometimes found in ^ yards/' as they are termed, in winter, they collect 
in this manner more for the purpose of mutual protection from severe 
cold and for convenience of procuring food than from any natural 
disposition thus to flock together. The larger Reindeer are usually found 
in herds of from six to twenty, but the smaller herd in much larger 
numbers, sometimes as many as several hundreds. When ran with 
dogs, the herd rarely, if ever, separates. Very singular modes of 
capturing them are said to be put in use by the Chipewyan, E^ui- 
maux, and Dog Rib Indians. They are very inquisitive animals, and 
if they see any suspicious object that is not actually chasing them, they 
will gradually, and afler forming repeated circles, approach it The 
hunter, if there is a rock convenient, cautiously creeps behind it, and 
imitates the bellow of the deer when calling to each other. If he has 
sufficient patience he may be sure the animals will ultimately come to 
examine him. The Esquimaux rarely shoots until he is within twelve 
paces of hitf game. When two hunt in oompany, they show themselves 
to the deer and then walk slowly away, one before the other. The 
deer follows, and when the hunters come near a stone, the foremost 
drops behind it, while his companion walks steadily forward. The 
deer follows after the latter, and thus is brought within range of the 
concealed man. Often, also, when assembled in herds, they are drivoi 
into the sea, through passes, where, swimming about, they are speared 
in great numbers by the Indians in their kayacks. They are also 
taken in pit traps made from snow and covered with lichens. A very 
interesting account of various other methods of hunting and capturing 
Uiem is given by Dr. Richardson in his account of the North American 
Fauna, which it is unnecessary here to repeat 

Js the American Species identical with the European f 

No one who has carefully studied the animals of the northern por- 
tion of continental Europe, can fail to have been impressed with the 
remarkable correspondence of the species there found with those in 
Arctic America. This is particularly true of those comprised in the 
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Scandinavian Fauna, corresponding species being almost invariably 
found in North America. These will be found to differ very slightly 
in size, color, and less important particulars, but never sufficiently upon 
the most liberal basis of classification to be reckoned as different 
varieties even of the same species. I am not disposed to believe that 
the Reindeer forms any exception to this marked coincidence of species, 
although I have not had the means of comparing the American and 
European together, which must now be regarded as almost the only 
conclusive or satisfactory method of determining questions of species. 
I can detect no material difference, except in color, between the figure 
given in ^ La Regne Animal^* and American specimens which I have 
examined, and as that is the figure of one kept in a menagerie, that 
fisu2t alone is enough to account for any difference in color. The habits 
and modes of life of the two, are no doubt widely different, but whether 
this difference is to be attributed to any other cause than that of '' vari- 
ation under domestication" is a question that must be determined 
hereafter, with the other problems connected with that subject. 

NoTX. — Since the foregoing article was completed, mj attention has been 
directed to the following passage in Frof. Baird's account of the Cerros Vii^gini- 
anos. If the fact there stated in relation to the difference in sixe be tme, how much 
more probable it is that the same species of Reindeer, subsisting under conditions of 
life much more direrse than those of the northern and southern specimens of the 
C. Yirginianus, spoken of by Prof. Baird, should also differ in size and weight as I 
claim they do ? Professor Baird says : '' It is a well-ascertained fact that the more 
northern specimens of this deer are appreciably larger than those found further 
south, and that the deer of the southern sea-coast and its islands are smaller than 
those of the uplands and mountains of the same latitude. This fact is well estab* 
lished by the comparison of specimens in the Smithsonian collection from New 
York and from St. Simon's Island."— ^oiAmoZs of the Pacific R, R Survof, p. 648. 



IV. PHYSIOLOGY. 



1. Some Experdcemts and Inferences in regard to Binocu- 
lar Vision. By Prof. William B. Rogers, of Boston, 
Massachusetts. 

In the theory of hinocular vision which has been so ably expounded 
by Sir Dayid Brewster, Briicke, and others, it is contended that no 
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part of an object is seen siiigle and distiactlyi bot that to winch die 
optic axes are for llie mom^it directed, and that ** the uni^ of tiie 
perception is obtained by the rapid aarvey which the eyes take of every 
part of the object" According to this view our perception of an 
object in its solidity and relief, instead of being the sisiple and direcft 
result of the pictures formed at any one moment in the two eyes, ia 
acquired by a cnmidatiTe process, in which the optic axes are sooees' 
sively converged upon every point of the object within view. 

In an experimental discnssion of some points in binocttlAr vision 
published in the American Journal of Science several years ag«H* I 
was led to condode that the phenomena of the stsreosoopic resoltaiii do 
not necessarily cv even usually conform to these conditions, and that 
^ the perception oi a perspective resultant line or of a phyacal lino in 
the same attitude does not require the successive convergence of 
the axes to evety paint" The grounds of this condusioQ were, — 
first, that the perspectiveness of the resultant ahhongh not perceived 
when the axes are steadily maintained at any one convergence, appean 
as soon as they are allowed sufficient freedom of motion to tmtfe a /ew % 
contiguous paints of the component lines, and that it then affects the 
whole extent of the resultant ; and second, that the resultant presents 
a perspective attitude even when the component lines, instead of bong 
united into one, are brought together so as to intersect at a small angle, 
each of the intersecting Unes in this ease appearing in rdief. 

Satisfied from these considerations that the perceived singleness and 
relief of the resultant are to be ascribed rather to a process of ntg^ 
gestion than to the exhaustive binocular survey which has been sap- 
posed necessary, I was led to the opinion that, while some change of 
direction and convergence of the axes is needed for the effect, the 
successive view of a few contiguous points is all that is required to 
bring the suggestive action into play and to give rise to the full 
perception of the position and relief of the resultant 

In this view while rejecting the theory of successive vision in the 
form in which it has been propounded, I still considered some degree 
of motion of the axes as one of the steps by which we obtain the 
perception of the binocular resultant 

The following experiments, intended still further to test the theory 

* Yolnme XX. pp. 86, 204, SIS, and XXI. pp. SO, 17S, and 43S. 
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of the successive combination of corresponding points in binocular 
vision, are believed to be in part new, and are in part modified repe- 
titions of experiments already described bj Profs. Wheatstone and 
I>ove. They offer what seems to be decisive proof that snch a 
snocessive combination of pictures point by point, however it may enter 
in many cases into the complex process of vision, ccmnoi he regarded 
as an essentiai condition to the eingfeneu and perepectiveness of the 
binocular perception. 

1. Let a brilliant line, held in a perspective position at a convenient 
distance midway between the eyes, be regarded intently for a few 
seconds so as to produce a lasting impression on the retinee. On 
turning the eyes towards a blank wall or screen the subjective impression 
will be seen projected against it, and having the same perspective 
altitude as the original line. If, then, one eye be closed, the line will 
appear to subside into the surface of the screen, taking an inclined 
position corresponding to the optical projection of the original line 
as seen by the nndosed eye, and therefore corresponding to the image 
formed in that eye. By opening and closing the eyes alternately, and 
finally directing both to the screen, we are able to see the two oblique 
lines corresponding to these projections and their binocular resultant 
corresponding to the original object. 

2. Let two slightly inclined luminous lines formed by narrow slits 
in a strip of black card-board be combined into a perspective resultant 
either with or without a stereoscope. Looking at this for a few seconds 
so as to induce the reverse ocular spectrum, and then directing the eyes 
towards the opposite wall of the apartment, a single spectrum wiU he 
observed haxnng the attitude and relief of the original binocular reeukant 

As a strong illumination of the lines is necessary to bring out the 
most striking effect, the card-board should be held between the eyes 
and some brilliantly white surface, as the globe of a solar lamp or a 
strongly illuminated doud, care being taken to prevent the entrance of 
extraneous light 

3. Using the same arrangement, let the luminous lines be regarded 
in succession each by the corresponding eye, the other eye being 
shaded so that no direct bmocular combination can be formed. On 
looking toward the wall, it will be seen that the two subfecHve images 
unite to form a single spectral lincy having the same relief as if the 
lines had been directly combined with or without the stereoscope* 
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While the perspective image continues distinctly visible, let ^er 
eye be closed, the other being still directed towards the wall The 
image will instantly lose its relief and take its position on the plane of 
the wall as an inclined line corresponding to the aabjectiye image m 
the eye which has remained open. When the sobjectiye impresakns 
have been sufficiently strong, it is easy to alternate these eflfecte bj 
projecting first the picture proper to the right eye and then that of the 
lefl on the plane of the wall, with their respective contrary indinatioiu. 
On then looking with both eyes we see the resultant image instantly 
start forth in its perspective altitude. 

It is hardly necessary to say, that in oorder to obtain these effects 
satisfactorily even with lines very strcxigly illuminated, the obserfer 
should have some practice in experiments on subjective vision, h 
these circumstaneeSf however, 1 have found the re9uk$ to ae perfed^ 
eertain and uniform. 

The oonditicms of the experiments are obviously sach as to exdodo 
all opportunity of a shifting of the image on the retina, Sach a 
shifting, however, is essential to that successive combination of pairs of 
points in the two images which, on the theory of Biwwster, is required 
for the production of the single perspective resultant. Hence, aooording 
to this theory, the resultant spectrum in these experiments, instead of 
being a single line in a perspective position, ought to present the fima 
of two lines inclined or crossing, situated in the plane of the waD 
without projection or relief. 

In reference to the first two experiments, it mig^t pexiiaps be main- 
tained that as the perspectiveness of the original Ime or resultant cb 
which the eyes were converged formed part of the direct perceptkw in 
the first stage of the experiment, it would be likely through assodatkia 
to be included also in the spectral or subjective perception. Bat this 
consideration, which at best does not impress me as of much weight, is 
entirely inapplicable to the conditions of the last experiment, where 
the eyes are in the first place impressed in succeasion with their 
respective images, and where yet when they are together directed to 
the wall, the perspective single resukani at once springs into viem* 

4. Without resorting to these troublesome effiurts of subjective vAnh 
the following is a simple proof that pictures suecessivelig impressed on 
the respective eyes are sufficient for the stereoscopic effect Let a screeo 
be made to vibrate or revolve somewhat rapidly between the eyes and 
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the twin pictures of a stereoscope, so as alternately to expose and cover 
each, eompletefy excluding the nmtdUmwus vMan of the two. The 
stereoscopic relief will be as apparent in these conditions as when the 
moving screen is withdrawn. 

Here there is no opportunity for the combination of pairs of corre- 
sponding points in the two diagrams by the simultaneous convergence of 
the optic axes through them, but at each moment the actual picture in 
the one eye, and the retained impression in the other, form the elements 
of the perspecdve resultant which we perceive. 

5. The ingenious experiments described by Prof. Dove many years 
ago in which the stereoscopic effect was obtained by the momentary 
illumination of the electric flash, furnish a further and most powerful 
argument against the theory of successive binocular combination here 
referred to. 

In repeating these I have found great advantage in using one of 
Ritchie's improved BahmkorfiT coils, having a coated jar included in the 
outer circuit, the intensely brilliant spark of which can be made to 
throw its light upon the object viewed in any direction or at any interval 
that may be desired. 

When a twin diagram of any simple geometrical solid was placed 
in the stereoscope and viewed by this momentary light, it was found to 
exhibit the perspective resultant in most cases with a single spark, and 
it never failed to present it in perfection with a succession of sparks 
even when they followed each other slowly. 

A large circular disc of brass, marked with the usual concentric 
strias, was placed in a position to catch the illumination and produce the 
peculiar intersecting lines of reflected light At each spark the bright 
resultant line due ' to the binocular union of these intersecting lines 
was seen penetrating the disc, and extending in a steep angle beyond 
and in front of it 

As, according to Wheatstone, the duration of an electric spark is less 
than one millionth of a second, it can hardly be supposed that in either 
of these experiments the eyes have time to make the successive changes 
of direction required, by the theory, for the singleness and relief of the 
observed resultant Not less at variance with this theory is the familiar 
fact that the illumination of a single flash of lightning is sufficient to 
give us a clear perception of the forms and positions of objects to which 
the eyes are for the moment directed. So the long straight sparic of 
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one of Geissler's narrow vacuum tubes, glowing for an inBtant in a daik 
room, impresses a precise perception of the altitude and place of the 
tube and its included line of light ; and even the irregular path of the 
long spark through the air produces a distinct perception single and 
faithful to its devious directions. 

We may therefore conclude, firsts that the perception of an object 
in its proper relief, or that of the perspective resultant through binoea- 
lar combination in a stereoscope, or otherwise, may, and most usually 
does, arise, by direct suggestion from the two pictures impressed, with- 
out requiring the successive combination of corresponding points; — 
and secondy that for the singleness of the resultant perception, it is not 
necessary that the images should fall on what are called corresponding 
parts of the two retinas. 

The condition of single vision in such cases seems to be simply tliia^ 
that the pictures in the two eyes shall be such and so placed as to be 
identical with the pictures which the real object would make at a given 
distance and in a given altitude before the eyes. 



2. On ottb Inabilitt frou the Retinal Imphession alons to 

DETERMINE WHICH ReTINA IS IMPRESSED. By ProfeSBOT 

William B. Rogers, of Boston, Massachusetts. 

Although on first view it might be supposed that an impresaion 
made in either eye must necessarily be accompanied by a mental refer- 
ence to the particular organ impressed, it will be seen from the following 
simple experiments that the impression of itself is not ^sentiaBy sag- 
gestive of the special retinal surface on which it is received. 

Exp. 1. Let a short tube of black pasteboard one fifth of an indi 
in diameter be fixed in a hole in the centre of a large sheet of the same 
materiaL Hold the sheet a few inches before the face of a seoond 
person, and between him and a bright window, moving it to and fro 
until the bright circular aperture of the tube is brought directly in 
front of one of the eyes, suppose the left eye ; and let him fix his 
attention upon the sky or cloud to which the tube is directed. He 
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will feel as if the impreBsion or image of the hole bebmgt equcdfy to 
both eyt9 and will be unable to determine which of them reallj receives 
the light 

On moving the aperture towards the right, or nearer the nose, bot 
not so far as to be oat of the view of the left eye, or to be visible by 
the right, the observer will imagine that it is now in front of the right 
eye and chiefly seen by it. Shifting it still further in the same directioOi 
until it is brought within view of the right eye, but not fiurly in ftont 
of it, it will appear as if placed before the left eye, and by an ad- 
ditional motion bringing it fairly in front of the right eye it will seem 
to be equally before both eyes, or to be in the medial line between 
them. 

Like effects may be observed by using a half sheet of rather stiff 
foolscap with a large pin hole in the centre. Bending this over the 
face and moving it until the hole is in front of one of the eyes, the 
same unoertainty and contradiction will be produced as in the preceding 
experiment. 

Exp. 2. Similar results may be obtained by rolling half a sheet of 
letter paper into a tube of about one inch in diameter, and holding it 
before and a little in advance of one eye while both are directed to a 
white wall some feet distant Keeping the view fixed upon the wall 
there will be s^en upon its surface a circular image of the remote 
aperture of the tube. This, as we look intently at it, will appear as if 
seen equally by both eyes, occupying a midway position between them. 
If now the eyes be converged to some point nearer than the end of the 
tube the circular image will appear against the side of the tube giving 
the impression that it is seen by the eye which is remote from the tube 
and is at the same time directed toward the outside. For the comi^ete 
success of this experiment the wall should be only moderately bright, 
and but little light should fall on the exterior of the tube next the un- 
covered eye. 

Exp. 8. Let two tubes of stiff paper, each one inch in diameter 
and six inches long, be held close to the two eyes in a conv^^ng 
direction so that the outer ends may touch each other. Then directing 
the view through them to a white wall at a short distance, the observer 
will see the two tubes as one, with a single circular opening clearly 
marked out on the walL* If now a small object as the end of the little 
finger be brought near and in front of one of the tubeeii it will tdke its 

VOL. xrv. 17 
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place within this circle and will seem to be equally an object of 

to both eyes, so that the observer will be wholly unable to decide befixre 

which eye it is actually placed. 

Let the observer next direct his view to a very remote object, as 
the sky, seen through the window, still retaining the previous adju^ 
ment of the tubes. He will now see two circles^ continuing separate 
as long as he keeps his eyes fixed on the distant sur£M» ; and if the 
finger be held up as before in front of one of the tubes it will appear 
within the circle which is in front of the other eye ; thus causing the 
impression on the right eye to be apparently transposed to the left, and 
vice versa. 

Exp. 4. Fasten a small disc of white paper on a slip of blad: 
pasteboard of the size suitable for a stereoscope, and place this in the 
instrument so that the white spot shall be centrally in front of one of 
the glasses. 

To a person not aware of the position of the spot it will appear in 
the stereoscope as if equally in view to both eyes, and he will be entirely 
unable to decide on which retina its picture is impressed. Indeed, 
properly considered, the spot does not appear directly in front of either 
eye, but is seen at the intersection of the optic axes, in the medial or 
binocular direction between the two. 

Let the spot be now moved toward the right side but sUll within the 
range of the left eye, and it will seem to be before the righ^ eye rather 
than the left. Shift it into the right compartment, but not far fnun the 
dividing line, and it will appear as if seen chiefly by the left eye ; and, 
finally, bring it to the middle of the right compartment and it will seem 
as at first to belong equally to both eyes.* 

Referring to the results observed in the above experiments when the 
object is directly in front of either eye, it may be concluded that the 
mere retinal impression on either eye is unaccompanied by any con- 
sciousness of the special surface impressed, and that the formation of 
the visual perception appertains to that part of the optical apparatus 
near or within the brain, which hehnge in catnmon to both eyes. 



* The effect here described is one of a series of phenomena which Dr. O. W. 
Holmes attributes to an actual transfer of impressions from one eye to the other, and 
which he proposes to explain by the hypothesis of reflex vision. Proc. Amer. Aead. 
Azto and Sciences, Feb. 1S60. 
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These observations show, moreover, that the perceived direeHan is 
juit as truly nomud to the centred part of the retina which has received 
no light, as to that of the retina on which the white spot has been painted. 
Indeed, as before indicated, it is normal to neither, but is felt to be in 
the middle line between the two, that is, in the binocular direction* It 
need scarcely be added that this conclusion is at variance with the law 
of visible direction maintained by Brewster, which requires that the 
apparent direction of an object shall in all cases be normal to the part 
of the retina impressed. 

The reference pf the object in certain cases above noticed (parts 1, 
2, and 4) to one eye chiefly, and that the eye from which it is actuaUy 
hidden, is accounted for by the direction in which the other eye receives 
the light As this direction, in the case of the left eye for instance, 
would be decidedly toward the field qH view of the right eye, it would 
at once suggest the place of the object as somewhere before that eye, 
and so when the object is actually before the right eye, but in a posi- 
tion towards the left, it would excite the idea of an object somewhere 
before the left eye. As the retinal picture alone gives no indication 
of the particular eye in which it is formed, but only excites a visual 
consciousness common to both, the object in these cases will seem to be 
visible by both eyes, but chiefly by that before which the suggestion 
just mentioned would naturally place it. 

A Hke explanation applies to the transposition observed in Exp. 8, 
when the view is directed to a distance through the converging tubes. 
Here the false visual reference of the finger depends on the fact that 
the circle in front of either eye is suggestive, merely by its position, of 
a special vision hy that eye, while from the conditions of the experiment 
these circles are in fact reversed in their places as compared with the 
tubes and eyes to which they appertain. 

We have seen in the above experiments that when an object is pre- 
sented to one eye without any accompanying circumstances leading us 
to refer the visual act specially to this or to the other eye, we have a 
consciousness of seeing it equally with both eyes. The same result 
occurs when separate objects are presented to the two eyes, provided as 
before, extraneous sources of suggestion are excluded. 

Exp. 5. Thus if we place on the black slide of the stereoscope two 
spots, differing either in shape or color, one before each eye, we perceive 
them both in the middle or binocular direction, each seemingly visible 
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in an equal degree to both ejes, the one being seen through or upon 
the other according to the fitful attention or suggestion of the moDieDt 
A pleasing modification of this experiment is niade by nfiing tiro 
unequal white spots on the black slide and interposing a green or 
other colored glass between one of them and the lens. The spot which 
appears colored will give as stronglj the impression of being seen bj 
both eyes as the white one, in spite of our knowledge of the position 
of the colored glass. 

Even in cases where the two objects are wholly unl^e, and at Teiy 
difierent distances from the eyes by which they are seTerally regarded, 
this feeling of a common or united visual act in regard to each of them 
is often easily recognized. Of this we have a ready illustration in 
the familiar experiment on ocular parallax in which a distant object, 
hidden from one eye by an interposed finger or pencil, is seen throogh 
or behind the pencil when both eyes are directed towards the distant 
object 

Exp. 6. To observe this effect satisfactorily, it is well to make the 
experiment in an apartment in which a single small lamp is placed aft 
some distance from the spot on which we stand. Looking intently aft 
the lamp, we bring the pencil before the face in such position as to ^re 
us an image on each side of the lamp, and then move the pencil toward 
the right until its left hand image seems to coincide in directi<Hi and 
position with the lamp, which appears to shine through or to pattiaDy 
replace it. As we continue to look thus at the lamp, we have a dear 
impression that both lamp and pencil are equally visible to both eyes^ 
and without some consideration of the previous adjustment and motions 
we are unable to determine which is actually visible to the right and 
which to the left eye. 

The same experiment furnishes also an inddental illustration of the 
principle of transposed visual reference before alluded to. If^ while 
the above adjustment is maintained, we contemplate the other image of 
the pencil situated some distance to the right of the lamp, and endearor 
to decide, from the mere visual impression, to which eye it appertains^ 
we almost unfidlingly refer it to the right eye as that which most nearly 
fronts it, although obviously it belongs to the other, as will be found aft 
once on closing either eye. 

Where the eyes are externally very sensitive, any stroi^ ilhuninatiaa 
ef one as compared with the other will interfere with the e&ct aboTe 
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described hj referring the impression specially to the eye thus unduly 
excited. In such cases the observation is best made in a moderately 
lighted room by interposing the pencil between the eye and a vertical 
stripe on the walL 

Exp. 7. Recurring to Exp. 2, in which with a tube in front of one 
eye we peroeive a bright circle on the wall in the medial direction, we 
may obtain a pleasing illustration of the point now under consideration, 
by bringing a dark card or book or even the hand between the un« 
covered eye and the wall. The spot instead of being intercepted will 
appear as a perforation in the opaque screen. 

Here, as in the case of the pencil and lamp, the bright circle and the 
screen are both optically referred to the intersection of the two lines of 
view. But the luminous circle almost or entirely obliterates the corre- 
sponding part of the screen. As the full view of the screen and its 
connections continually reminds us that it is in front of the uncovered 
eye, we are led to refer the luminous circle seen as coincident with a 
part of it, to the same eye, and thus to believe that we are looking 
through the screen with that eye. It is, however, not difficult, by intently 
regarding the luminous circle, so to counteract the force of this extra- 
neous suggestion as to feel even in this case as if the drcle were 
equally in view to both eyes. 

These considerations explain very simply the experiment of the 
pseudo-diascope described by Mr. Ward of Manchester, which like 
several of those above mentioned is but an instance of the old obser- 
vation of Da Vinci, that when we see behind a small opaque object pre- 
sented near the eyes, '^ it becomes as it were transparent." In making 
this experiment with a tube of paper supported between the thumb and 
forefinger of the left hand, and held before the right eye so that the 
back of the hand may be some inches in advance of the left eye, it 
will be noticed that the effect varies with the amount of convergence 
of the eyes, and that the bright perforation in the hand may or may not 
be referred to the left eye according to the force of the accessory sug- 
gestions or the intentness with which we fix our gaze upon the distant 
spot to which the axes are converged. 

In conclusion it may be remarked, that the experiments which have 

been described are for the most part too obvious and familiar to have 

merited such a special notice but for the peculiar and in some respects 

new interpretation which they have offered of many visual phenomena. 

17* 
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Considered in this relation we are, I think, entitled to oondode from 
them: — 

First, that the retinal impression of an ohfeet presented dtrectfy to 
either eye is accompanied hy the feeling of a united visual <xcty and of 
itself gives no indication of the particidar eye impressed; and. 

Second, that the reference of the impression to one eye rather thofi 
the other is the result of collateral suggestion^ which may either locate 
the image in the eye that actually receives it, or may transpose it seem- 
ingly to the other J according to the particular conditions of the dbser- 
ration. i 
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I. ENGINEEBIN6. 

1. Observations on Htdraulio Cements. By Lieutenant Q. A 
GiLLMORE, Corps of Engineers, U. S. A 

Haying been engaged for the last two years in conducting a series 
of experiments with the hydraulic limes and cements from different 
geological and geographical localities in the United States, with a view 
to ascertain the relative value of the mortars derived from them, as 
regards hardness, adhesiveness, hydraulic energy and other coordinate 
properties, it has been suggested to me, that a few observations upon 
any points, hitherto not fully understood, or considered doubtful, might 
be of interest 

The following notes have been selected from a mass of manuscripts, 
which is intended to furnish the basis of a preliminary report to the 
chief engineer of the war department 

The nature and properties of calcareous cements, and their correct 
mode of manipulation and treatment present a wide field for experi- 
mental research. The attention of chemists and practical engineers 
has, within the last half century, been turned in this direction in an 
especial manner, and the writings of Vicat, Fasley, Rancourt, Treussart, 
Kuhlman, Chatoney, Rivot, and Gen. Totten (our own chief engineer), 
have thrown a fiood of light upon the subject It is not to be con- 
cealed, however, that many phenomena are developed in the preparation 
and manipulation of calcareous mortars, from the time the raw stone 
enters the kiln for calcination, until it has attained its final resting- 
place in the state of mortar, and is undergoing the hardening process, 
that are even now shrouded in comparative mystery, a mystery indeed, 
against which the amplest resources of the analytical chemist, have 
been brought into requbition in vain. Until within a very xecent 
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period, for example, the cause of the hardening or ^setting" of 
hydraulic mortar was only a subject of vague conjecture which deTeI> 
oped itself into a variety of speculative and contradictory theories. 
Even now, there is a remarkable diversity of opinion upon this point, 
which laborious and patient research only can dissipate. 

It is now very generally conceded that, when ordinary limestones, or 
the purer marbles, are burnt in kihis, they part with their water of 
crystallization and most of their carbonic acid, assume the amorphooa 
state, become highly caustic, have a great avidity for water, and are 
very light and spongy ; that, when these burnt limes are immersed in 
water, a quantity of the liquid equal to nearly one quarter of their 
weight, is rapidly absorbed, and the hydrate of lime is formed. It ia 
also generally believed that ordinary mortar (a mixture of a paste of 
the hydrate of lime and sand), hardens or sets in conseqnence of the 
absorption of carbonic acid from the air aided by desiccation. By soma 
writers it is claimed that the sand, if silicious, is not entirely inert, but 
is acted upon by the lime, when an insoluble silicate of lime is formed. 
This, however, is somewhat doubtfuL At all events, it does not take 
place, if the mortar is placed under water, or in dose vessels, as it ia 
well known that it will remain in a state of paste for an indefinite 
period under such circumstances. 

When we oome to consider those hydraulic limes, however, whidi 
contain from ten to thirty per cent of clay, and the hydraulic cements 
which contain from forty to sixty per cent of that material, or another 
distinct class of impure limestones which seem to owe their hydraulks 
energy to the presence of a notable quantity of carbonate of magnesia, 
frequently not accompanied by clay at all, we must seek for some other 
explanation of the hardening process ; for it is well known thai hy* 
draulic mortars will set under the exhausted receiver of an ur-pomp^ 
and that, when immersed in water or kept constantly wet, they are eon* 
sidered in the most advantageous position for attaining their maximmn 
strength and hardness. The setting of hydraulic mixtures, therefore, 
would seem to be due to a compound action ; else a large proportioa of 
the ingredients enter as inert matter, or are absolutdy hurtful in their 
effects. By some, it was formerly supposed that the oxide of iron, bj 
others, that the oxide of manganese was capable of conferring hydraulic 
energy. Smeaton suggested that this action was due to the presence 
of day in the limestone. Subsequently, Vicat enlarged this idea into a 
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oompreheosiTe tbeorj, which was finallj applied in practice on an ex- 
tensive scale, in the manufacture of artificial hydraulic lime, bj mixing 
unburnt claj with common lime, in suitable proportions, and calcining 
them. The disooTCrj of the hydraulic character of the dolomites, and 
those impure magnesian limestones which contain very little clay, ren- 
dered a modification or enlargement of Vicat's theory necessary. It 
was also conjectured that the presence of potash or soda might exer- 
cise an influence in the hardening process. Although ordinary chemi- 
cal analysis failed to detect either of these substances in the hydraulic 
limestones, a variety of phenomena indicated their presence in quan- 
tities quite sufficient to produce marked chemical reactions. There 
seems to be little doubt indeed, that the alkaline silicates or carbonates, 
although not invariably present in common limestones, are always to be 
found in those argillaceous and argillo-magnesian limestones, of what- 
ever geological epoch, that have been found to be most suitable for 
hydraulic purposes, and it has even been claimed by Kuhlman, that the 
hydraulic energy is due in a great measure to their action. It is 
known that, if a solution of the silicate of soda or of potash be mixed 
with common lime, the soda or the potash will be set free, and the 
silicic acid will enter into combination with the lime, forming an insolu- 
ble silicate of lime, a basic silicate, in fact, which, upon exposure to 
the air, absorbs carbonic acid, and is converted, gradually, into what 
might be termed silico-carbonate of lime. This, in time, acquires great 
hardness. The alkalies, in this case, act simply as carriers of the 
sUica, to present it in a useful form to the hydrate of lime. 

There would seem to be little doubt that their useful effect has been 
overrated. The proportion in which they enter the American cements 
is usually quite small, the most careful analyses made specially with 
reference to them having failed to detect as much as one per cent It 
is also probable, although the statement is advanced with some mis- 
givings as to its entire correctness, that their action is limited strictly to 
hastening the commencemeni of solidification, and that the advantage to 
be derived from this circumstance is more than counterbalanced by the 
presence of unsolidified caustic potash or soda, the tendency of which 
would be to diminish the strength and ultimate specific gravity of the 



It seems highly probable that the principal and perhaps the only 
really efficient cause of the hardening of hydraulic mortars is to be 



202 C. PRAOTICAX MECHANI08. 

found in the formation of hydrated double silicates of lime and ahuaiitt, 
or of lime and magnesia, depending on whether the limestones are aipl- 
laceous or magnesian in character. In mortars derived from aivillo- 
magnesian limestones, both of these compounds would be formed. This 
theory, although accounting for most, is not. logically applicable to all 
the phenomena attending the setting of hydraulic mixtures. It does 
not clearly explain why, among several cements of identical composi- 
tion, according to a careful analysis, some will set with great nipiditj 
in water, others very slowly, and others again, not at all ; or whj 
some will be more affected by a change of temperature than others ; or 
why, in some, the hydraulic action will be quickened, and in others re- 
tarded, by the addition of hydrate of common lime ; these and a varietj 
of other interesting facts, patent to any experimenter of ordinary 8Sga^ 
ity, are still enveloped in doubt and uncertainty. For a full and com- 
plete solution of these questions, we must look to those who, to a judi- 
cious combination of theory and practice, are willing to superadd s 
patient, persevering, and zealous industry. 

The oldest limestone capable of furnishing hydraulic cement overlies 
the Potsdam sandstone at the base of the Lower Silurian system. This 
sandstone is very intimately related to the calcareous beds above. It 
is known as the calciferous sand rock, and as its name indicates is cil- 
careo-silicious in character. 

Three distinct masses of this rock are usually observed, wherever it 
presents a fully developed outcrop, the lowest of which ordinarily con- 
tains a marked excess of silica, while those above more nearly resemble 
the purer limestones which overlie them, and into which they finally 
pass with certain alternations of argillaceous and slaty matter. All the 
deposits which lie above the Potsdam sandstone and below the Utica 
slate or its corresponding member, are classified by Prof. Rogers in his 
formation No. II. Among them, sometimes higher and sometimes 
lower in the series, occur numerous beds of argillo-magnesian limestone 
possessing hydraulic properties in an eminent degree. 

Afler leaving the limestones of Formation II. in the ascending seneS) 
we pass up through the equivalent of the lead-bearing strata of Wis- 
consin, Iowa, and Illinois, the blue limestones and marls of Ohio, and 
the Hudson River and Clinton groups of New York, without meeting 
with any deposit suitable for hydraulic lime or cement, until we reach 
the Niagara group, in the beds of passage between the shale and 
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limestone of that group. This underlies in regular order the Onondaga 
Salt Group of the New York Survey (which appears to be wanting in 
the West), and has been burnt for cement in Monroe county, and other 
places in New York. 

Still higher up the series, among the top layers of the Onondaga 
Salt Group, called generally the <^ Magnesian Deposit" of that group, 
we encounter another calcareous deposit possessing hydraulic proper- 
ties, and overlying this the water Ume group proper, from which the 
celebrated Bosendale cement £rom Ulster county. New York, is manu- 
factured. 

This deposit furnishes at least nine tenths of all the cement made in 
the United States, and is claimed by the manufacturers to produce an 
article superior in quality to all other native cements, and equal in 
every essential requisite to the so-called Parker's Roman cement. It 
is an argillo-magnesian limestone belonging to the tentaculite or water 
limestone of the lower Helderberg group, and is found within a narrow 
belt, scarcely exceeding a mile in width, skirting the northern base of 
the Shawangunk mountains. It is not, however, confined to this local* 
ity, but can be traced in a southwesterly direction through Ulster and 
Sullivan counties to the New York State line at Carpenter's Point, 
thence in a narrow strip along the left bank of the Delaware Biver to 
Walpack's bend, where it crosses into the State of Pennsylvania. In a 
northerly direction, it has not been distinctly recognized east of the 
Hudson Biver, but at the mouth of Bondout Creek, takes a turn due 
north, and can be traced along the west bank of the Hudson, a distance 
of five or six miles, with occasional glimpses of it still higher up. 
Except in Ulster county, towards the northern terminus of this range, 
this particular stone has not been manufactured into hydraulic cement, 
and has not, in fact, been very critically examined with that view. 

The deposit is found occupying every conceivable inclination to the 
horizon, the direction of the dip being usually northwest or southeast 
The entire face of the country in this neighborhood exhibits evidences 
of a succession of remarkable upheavings, some of them having taken 
place while the limestone was yet in a plastic form, whereby the strata 
were twisted into a variety of tortuous and complex shapes ; while 
others, transpiring at subsequent periods, more or less remote, have 
ruptured the beds, producing a multitude of seams, running diagonally 
across the lines of stratification. 
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The Qsefol effect of these npheaviiigs has therefore been to derciop 
into accessible and oonvenient poeitionSy a vast amount of the eenwol 
■tone that would otherwise have been bnried bejond the practicable 
reach of ordinary mechanical skilL 

The a^^gate thickness of this deposit, indnding certain ledges of 
other rocks of firam foar to six feet thick, which interlie the oement 
strata, averages about forty-six feet 

It is sabdivided into several distinct layers, widely dissimilar, as a 
general thing, in the color, grain, and texture of the raw stone, as weQ 
as in their hydraulic properties after calcination. No one manilfiictiirer 
makes use of all of these cement strata, and no two of them, of the 
same strata in the same proportions. This is due, prineipaOy, to 
changes, or variations, within comparatively short distances, in the hy- 
draulic properties of stone from the same stratum, a striking and char- 
acteristic feature of these deposits. In some localities, moreover, the 
upper strata of the cement-bearing series have been entirely removed 
by abrasion, while in others the lower ones have been thrust so mocii 
out of place by the interposition of other rocks, or are so far below the 
general surfieuse level, that they cannot be reached with fiusility or 
economy. 

Few of the manufacturers have rendered themselves familiar with 
the distinctive characteristic properties of the several layers of stone 
which they introduce into their combination, instances being compara- 
tively rare, where they have caused them to be quarried, burnt, and 
ground separately, even for the purpose of experiment. With some 
exceptions, all the stone taken from a quarry enters into the cement. 

This includes certain layers of little or no value when used akme, 
and incapable of furnishing any thing better than an inferior hydrmnlie 
lime, which will not harden under water, if immersed in the state of 
paste, and frequently, if allowed to set in the air, will not remain hard 
after immersion, but swells up, softens and falls to pieces, assomk^ 
either the consistency of a spongy paste, or of a granulated mass 
entirely devoid of cohesion. 

Although mortars giving rise to such phenomena, evidently contain 
a large excess of caustic lime, not susceptible of neutralization by the 
silica, alumina, and magnesia which accompany it, in the fbrmatioii of 
hydrated double or triple silicates which are practically insoluble in 
water, it does not necessarily follow that their incorporation into tha 
aggregate product of a quarry is absolutely injurious. 
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In some cases, their introduction is believed to be beneficial, when 
their province appears to be to furnish those ireqnisite constituent in- 
gredients of good cement, either not to be found in sufficient quantities 
in the contiguous rock, or in proportions capable of considerable in- 
crease, without producing an injurious excess. 

The cement works in Ulster county are scattered along a line of fif- 
teen miles in extent, those furthest firom the Hudson being at High 
Falls, twelve miles from the mouth of Rondout Creek. 

In general terms, the method pursued bj the manufacturers is briefly 
as follows : The stone, after being quarried, is broken into pieces not 
exceeding eight or ten inches in their largest dimensions. It is then 
burnt in a cylindrical kiln, terminated at the bottom by the inverted 
frustrum of a cone. The fuel employed in the calcination is anthracite 
coal, broken up very fine. What is known as " pea and dust," some- 
times called the ^second screenings,** at the coal-mines, has been found 
most suitable for that purpose. It is mixed with the raw stone, in the 
kiln, in alternate layers. When once in operation, the kiln is per- 
petual, the burnt stone being drawn from the bottom once or twice 
every twenty-four hours, at which times raw stone and fuel are added 
at the top in suitable proportions. 

There are serious defects in this method of burning, for which no 
easy and practicable remedy has yet been discovered. The compound 
character of the cement stone renders its fusion comparatively easy, at 
a temperature not much above that practically necessary for its calci- 
nation. Some of the stone, therefore, becomes so much overbumed 
(having reached the stage of incipient vitrification), as to be not only 
useless for cement, but exceedingly difficult to reduce to powder, while 
another portion, usually the largest fragments, or those that have 
accidentally subsided too rapidly in the drawing, are underbumt, and 
perhaps partially raw inside. These being also difficult to grind, are ex- 
cluded, for that reason, if for no other, and are usually subjected to a 
second calcination. Lying between these two extremes, we find the 
properly burnt stone ; we abo find other portions not distinguishable 
from the latter in general appearance, and frequently forming an im- 
portant proportion of the whole, some parts of which have been sub- 
jected to a complete, and others to a supercalcination, but in which no 
visible vitrification has been induced. 
This class of products is of very little value as cement Numerous 
VOL. xrv. 18 
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experimentSy made at different times and under a variety of circom- 
stances, have established, almost beyond a doubt, that the genuine cements 
derived from the magnesian and argilo-magnesian limestones of this 
country, when they undergo any thing beyond a complete calcinadon, 
that is, when burnt any longer than is necessary to expel all their cu> 
bonic acid gas (and probably with some varieties somewhat below this 
point), lose in a great measure, if not entirely, their hydraulic energy; 
neither is it possible in practice to restore this energy by coDtinaiDg 
the heat until the point of incipient vitrification is reached, as is claimed 
by some European writers. But as it is impossible to dbtsngoish this 
stone from that which is suitably bumt^ without a constant and tedious 
resort to the test with acid, which it would be found impracticable to 
enforce among workmen, it always, together with variable piopoitioiii 
of that which is insufficiently burnt, as well as that which is vitrified, 
forms a component part of the cement prepared for market Soitablj 
burnt cement contains a notable quantity of carbonic acid gas, and cod- 
sequently effervesces, more or less freely, with hydrochloric add. 
There appears to be no exception to this rule, although Mr. Yicat does 
not indorse it. The precise point at which the caldnation shoald stop^ 
or in other words, the exact proportion of carbonic acid gas which the 
stone should retain, in order to secure the most favorable resahs, has 
not been indicated with any degree of exactness, or in a way suscep- 
tible of practical application. It varies very much with the difiereni 
kinds of stones, and particularly with the amount of silica and the 
alkalies which they contain. So great a difference indeed exists in this 
respect among the several layers of the same quarry, that any attempt 
to introduce and establish a mode of burning that shall be under suffi- 
cient control to secure uniform and constant results, under all dream- 
stances, must contemplate a separate calcination for each of the dis- 
similar kinds of stone used in the combination. The idea, that stone 
which can be properly burnt in twenty-four hours can be mingled 
together in the same kiln with that which requires thirty*five or forty 
hours, to attain the same point, is as theoretically as it is practicallj 
untenable. Little or no extra expense would attend this process. The 
quarrying of the stone, it is true, would require a little more care and 
supervision, which might add one cent per barrel to the cost of the 
manufactured article, but this would be amply compensated by the 
amount of stone saved, to say nothing of the improvement in quality 
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secured thereby. Few of the manufacturers would require any addi- 
tional kilns. The least extensive works keep from three to five in 
constant operation, with one or two in reserve, and there are but few 
quarries that would require a more extensive subdivision of their pro- 
ducts than these would accommodate. 

The several worthless products of the kiln noticed above, have their 
origin in a variety of causes, all of which, with proper precautions, are 
more or less under control ; such as, variations in the force of the draft 
through the kiln, due to changes either in the direction and force of the 
wind, or in the barometric state of the atmosphere ; neglecting to draw 
the burnt stone with the requisite care, taking perhaps equal quantities at 
stated times, which may be either too much, or not enough, depending 
on circumstances ; not preserving the proper proportion between the 
fuel and raw stone, when adding these at the top; or not adding 
them at the proper time and in suitable quantities; irregularities in the 
settling of the stone in the kiln at each drawing, which results in some 
portions being exposed to the heat a much longer time than others ; 
the formation of ^ cinders ** or vitrified pieces of stone which adhere 
together or to the sides of the kiln, choking the draft and retarding the 
expulsion of the carbonic acid gas ; these, and many other variable 
causes, will always operate to such an extent as to render the proper 
calcination of the cement, an operation of the utmost delicacy, and one 
requiring on the part of the manu&cturer a high order of intelligence, 
experience, and skilL 

Even the theory upon which this practice of mixing the fuel and 
stone together in the kiln avowedly rests, is singularly at fiuilt, and 
will, by no means bear a critical examination ; for, inasmuch as all the 
coal is consumed, or supposed to be consumed, during the calcination, — 
otherwise it is drawn with the cement and ground up in it, — and, as 
the proportion between the amount of fuel and raw stone, as well as 
the times of drawing the kilns, and the quantities drawn are also pre- 
established ; and as no provision is made to regulate the force of the 
draft with a view to anticipate in a measuro the intervention of one of 
the principal causes of variation referred to, it virtually assumes that a 
moderate heat, long continued, and a high heat proportionally short in 
duration, will produce identical results, a premise which, with all its 
apparent plausibility, is directly opposed to the teachings of experience. 

Some varieties of argillaceous and argillo-magnesian limestone, 
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which yield a good cement with a certain degree of calcinatioD, lose 
their hydraulic energy if the burning be carried beyond, or stopped 
short of that particular point There are sometimes two points of max- 
imum and two of minimum hydraulicity. 

Take the argillaceous limestone from Lockport, New York, for ex- 
ample, of which a sample was sent me for tnaL This was calcined at 
a bright red heat Fragments were removed for trial at interrals of 
one hour, allowing nine hours for the last portions. All the barnings 
set rapidly in the air, but none of them sustained subsequent immer- 
sion in water, except the three corresponding to one half hour, two 
hours', and nine hours' calcination, respectively. 

Similar trials were made with cement stone from other localities with 
varying results. 

The curves of Diagram No. 1 will perhaps illustrate these peculiar- 
ities more prominently than a written description can. The numben 
along the top denote the duration of the calcination in half hours. The 
central horizontal line, marked zero (0) indicates the point of hydraulic 
equilibrium, so to speak, at which the cements either part with or re- 
sume the power of '' setting " under water, if immersed in the state of 
paste. In the vertical column of figures on the lefl, those above the 
zero line indicate the presence, and those below, the absence of this 
hydraulic power, the degree of intensity of these opposite character- 
istics being denoted by the magnitude of the figures in either case. 
The cements which furnish the curves were derived from the following 
localities: — 

No. 1, from Lockport» New York, first spedmen. 

No. 2, " " " " second " 

No. 3, " Centre of Boand Top qaarry, near Hancock, Md. 

No. 4, " Stratum No. 15 finom High FaDs, Ulster county, New York. 

No. 5, " Balcony Falls, Rockbridge county, Yhfiinia. 

No. 6, " Point MX Roches, Lake Champlain. 

No. 7, ** Stratnm No. 7, Martm & Clearwater's qnany, Ulster comity, Kef 

York. 
No. 8, " Stratam No. 3, of the same quarry. 

ObtervaiioM on Diagram No. 1. — By examining the curves derived 
from the two spedmens of Lockport cement, it is seen, 

Ist That when burnt from one quarter to three quarters of an hour, 
both will set under water, and in combination would therefore make a 
good cement. 



ENGINEEBIKG. 209 

2d. Between three quarters of an hour and one and a half hour's 
calcination, the first will not set under water, while the second will, and 
the properties of a combination would depend on the proportion of the 
two adopted. 

3d. Two hours' burning exactly reverses this state of things, the first 
setting under water, while the second will not, and this condition 
obtains until the calcination is continued fbr three and a half hours. 

4th. Beyond this point, neither will set under water, until a calcina- 
tion of seven and a half hours is reached, when the first becomes 
hydraulic, and continues so^ the second remaining as befi:>re. 

As there is no greater diversity among the foregoing eight varieties 
of cement than is ordinarily to be found in the several layers of the 
same quarry, which, according to the usual custom, are burnt together, 
we can to some extent realize, by an inspection of the diagram, the 
practical effect of the system now in vogue among manufacturers. 

1st. All the eight varieties burnt from half to three quarters of an 
hour, set under water, and when thus treated, make a good combination. 

2d. Calcined two hours, four of them set satisfactorily under water, 
and four do not 

dd. Burnt &\e hours, three of them set under water, and five do not 

4th. Burnt six and a half hours, only two of them set under water 
(and even one of them rather sluggishly), and six do not Three of 
these latter, however, may be regarded as hydraulic limes, and would 
indurate in time, while a fourth (stratum No. 15, from High Falls, 
Ulster county. New York), possesses all the worst features of the inter- 
mediate lime. 

5th. Burnt ^ght hours, these specimens are again equally divided. 

The scope of this paper renders impracticable any statement of the 
progress attained, or of the results developed, by the experiments now 
in progress. The following brief observations are submitted : 

1st The effect of a change in the temperature of the cement, and 
water of mixture, upon the time of setting, has been greatly under- 
rated. A mortar is considered to have set, when it will support, with- 
out sensible depression, a wire ^^ in diameter, loaded with quarter 
pound weight At a temperature of 65® Fah., which was assumed for 
all the mixtures, the James River cement will set in five minutes, that 
from Hancock on the Potomac in six, the quick-setting Ulster county 
cements in twelve, and the slow-setting in thirty-five minutes. 

18* 
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If the temperature be lowered 30^, the James River cement will 
require thirty-two minutes, the Hancock cement twentj-four minutes, 
the quick-setting cements from Ulster county forty-five minutes, and 
the slow-setting eighty-five minutes. 

If, on the contrary, we raue the temperature 30^, the James River 
and Hancock cements will set in 2^ minutes, and the quick and slow- 
setting cements from Ulster county in four and nine minutes respec- 
tively. The least difierenee in time of setting, in this variation of 60^ 
in the temperature, is therefore 22^ minutes, while the greatest differ- 
ence is one hour and sixteen minutes. 

Diagram No. 2, will show the effect of this variation of temperature, 
upon the hydraulic activity of cements. The curves are constructed 
with abscissas which represent the temperature of the air, water, and 
diy cement (these being varied correspondingly and kept together in 
all cases), and with ordinates which represent the times of setting in 
minutes, that is, the period of time which elapses before the immersed 
paste will support the loaded wire without depression. The dotted 
curves refer to the ^ inch wire loaded to quarter of a pound, and the 
full curves to ^ inch wire loaded to one pound. 

The practical application of these deductions is quite evident In 
cold weather (whenever it Is necessary that the cement should harden 
quickly), warm water should be used for mixing the mortar, and wet- 
ting the solid materials with which it is to be used. In warm weather, 
on the contrary, cool water should be employed for the same purpose, 
in order to delay the setting until the mortar is laid in position. 

2d. The time required by a cement to set (if within the ordinary 
limits of i\f of an hour to 1^ hours), furnishes no means of judging of 
the ultimate strength and hardness which it is likely to attain. 

3d. It is not probable that while the present method of manufactur- 
ing cement is pursued in this country, we can produce an article equal to 
Parker's Roman cement, or the artificial Portland cement, from abroad. 

4th. The stone furnishing what is generally termed iniermediaU lime, 
now rejected by our manufacturers, as worthless, on account of its 
containing an excess of caustic lime, may be used with entire safe^, 
if combined with five to eight per cent of an alkaline silicate. The 
compound silicate commonly called soluble glass is good for this pur- 
pose. By the same means, any requisite degree of hydraulic activity 
may be conferred upon mortars of common or ordinary hydraulic 
limes. 
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The maximum adhesion to stone is secured hj mixing the 
cement paste or mortar, very thin (em 
eouli8)f rather than very stiff. The 
maximum density, cohesion, and hard* 
ness, on the contrary, are all incom- 
patible with this condition. 

6th. Cement should be ground to 
an impalpable powder, when it is 
intended to give mortar its full dose 
of sand, the coarse particles of cement 
being a poor substitute for that article. 

Finally, all the stone which does 
not effervesce with dilute hydro-chloric 
acid, or which, during calcination, has 
been carried beyond the point of com- 
plete expulsion of carbonic add gas, 
should be rejected. 

Note. — Since the above was pat 
in press, additional experiments render 
necessary some modification of the re- 
marks on the maxima and minima of 
hydraulic energy. The following ex- 
tract is made from a Report to the Chief 
Engineer of the War Department, now 
in course of preparation. Q. A. G. 

Extract. 

^ With some varieties of stone, oe^ 
ments of inferior hydraulidty are yield- 
ed by a heat of moderate intensity and 
duration, at a stage but litde in advance 
of a condition of incomplete calcination ; 
with others, they are produced as we 
approximate to a state of indpient Titri- 
faction ; with all, they are essential ele- 
ments in the individual properties of 
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the stone, each quany, and even the separate layers of the same quarry 
possessing distinct characteristic features in this respect, which features 
are, withal, subject to considerable variations within narrow lateral 
limits. The conyerse of these premises is also true, to wit, that the 
state of maximum energy corresponds to a condition of incomplete 
calcination in some cases, of complete calcination in others, while, in 
others stUl, it is only produced by vitrification more or less complete." 



2. Description of a new Portable Goffer-Dam. By Capt. 
E. B. Hunt, Corps of Engineers, U. S. A. 

The use of the ooffer-dam in laying foundations under water, is 
among the best established and most available resources of the engi- 
neering profession, and its application in several classes of cases is well 
setUed. In making studies for certain contemplated constructions at 
Fort Taylor, Key West, a new style of coffer occurred to me, which I 
hope soon to apply, and which gives a rational promise of success. 

The first case considered was one of founding wharf and bridge 
piers on a rock bottom, over which a thin stratum of sand is spread. 
A set of piers ten feet square of solid masonry from the bottom was 
first contemplated. For these the style of coffer planned was a strong, 
square frame, with four corner posts and a sufficient number of wale 
courses across the four ndes and framed into these comer posts to give 
the stiffness of side-wall necessary for supporting the whole water press- 
ure. The length of the comer pieces would be such as to give an 
excess of a foot or more at top in the deepest water at high tide. The 
size in plan would have to be such as to give the requisite working 
space, and might be reduced to fifteen feet square. This framework, 
being put t<^ether and stayed by a set of diagonal rope-tie braces, 
could be launched and taken to its position, where it would be placed 
erect and adjusted to the level, using, if necessaiy, uprights in one or 
more angles, to bear on the bottom or to be driven to the rock, and 
then lashed or bolted to the levelled frame. These angle posts can be 
sufficiently driven to give security against the force of tides and cur- 
rents when needed, and abo to sustain the weights required to be 
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rested on the top of the frame. The coffer frame, being thus fixed in 
position, a row of sheet piling of sound three inch hard pine plank re- 
mains to be driven to the rock, in contact with the wales and gaided 
either by two outside timber guides, made to be removable or by fixed 
flat iron bar guides, with the angles smoothed. 

Now comes the feature which I suppose to be entirely novel, aad 
which gives a peculiar character to this portable coffer-dauL Take 
strong canvas and proceed to make up a case or covering for the entire 
coffer, using two thicknesses of canvas and interposing a complete 
coating of mineral or coal tar so as not only to cause the two canvas 
layers to adhere to each other thoroughly, but to make a perfectly ioh 
pervious sheathing. Along the bottom edge of the coffer sheathing, a 
similar double canvas flap is joined around the whole bottom line, 
which will ky spread out over the bottom as far as is judged necessary. 
This breadth of flap will depend essentially on the nature of the bottom. 
The surface to be thus covered should first be raked dear of sticks, 
stones, etc., to prevent tearing holes through the flap. The case and 
flap, water-tight through their whole extent and having much posidre 
strength to resist pressure, being put on over the coffer and sunounding 
bottom, it only remains to proceed with the pumping^ which being 
actively pushed, will rapidly reduce the small enclosed water colonm. As 
this goes on, the exterior pressure comes first on the canvas coating, and 
this in turn rests against the sheeting piles and along the entire soi&ce 
of the bottom. As the sheeting should be of even thickness with 
straight edges, the joints will be close and narrow ; hence there will be 
no danger of ruptures from the bridging strain across theoL The sob- 
merged exterior guides being either removed or formed of iron ban 
with bevelled edges would create no dangerous strains. To bring the 
flap more closely to the bottom, a sprinkling of sand or any dean 
earth might be thrown over it when in place, or the outer edge migfat 
be weighted if needful. In case the water should penetrate through 
the bottom covering layer even from the outer boundary of the flap, it 
is only required to scoop out the enclosed sand, and fill in the bottom 
with a layer of concrete as is usual in the common coffer, using the 
tramis, a plain wooden trough or a box with a trip bottom. It only 
remains to proceed in building the pier, using the top of the coffer as a 
platform, and to support the derrick or traveller, the materials being 
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lightered along-side. Shonld a steam pump be found necessary this 
could be worked on board a lighter, by using a flexible pipe, led 
through the side at top, or it could be carried through the case and 
sheathing near the bottom. A series of lashings along the top of the 
case could be used for fastening it, and buoyed cords attached to the 
edge of the flap would serve for its manoeuvre. 

Another mode of treating this case might be preferred for great 
depths. This is by using a circular coffer made by trinuning to the 
required arc sweeps of three-inch planks, combining them in full circle 
ribs so as to break joints and fastening with screw bolts. This is 
merely turning an arch centre into the vertical. Launching one rib, a 
set of upright struts with draw bolts would be erected on it and the 
second rib built on them, &c. In some cases, this might be superior to 
the square cofier. The modifications of the case and flap would ofler 
no serious difficulty. Various other timber and iron coffer frames 
might be advantageously used in treating this case. 

In the instance first considered, it was desirable not to obstruct the 
waterway more than was necessary to get the solidity required by a 
permanent wharf for heavy vessels. A series of these piers giving the 
requisite supports for the wharf and bridge platforms, answered these 
conditions, and it was supposed that this plan could be used in water of 
over twenty feet. 

The facility with which this portable cofier can be struck and re- 
established is its great recommendation. Admit the water, hoist the 
case, draw the sheeting and float the frame to its next station, buoying 
if necessary, and then all becomes simple repetition. It is a question 
of judgment or calculation in each case to give the framework the 
stability required for resisting the pressures, currents, and wave actions, 
as also to decide when the pix>bable violence of waves would make 
the plan impracticable or injudicious. Judgment must also be used in 
deciding whether the ruggedness of the bottom makes this plan inappli- 
cable. Sometimes this difficulty would be fully met by throwing 
around the cofier a covering sheet of fine clay or marl, which will 
either make the bottom tight or so cushion it that the flap can be used 
successfully. When we contrast the simplicity of this cofier and the 
facility with which it can be established and transferred, with the com- 
plex character of the ordinary fixed coffers, or with Stevenson's port- 
able coffer, so limited comparatively in its applications and troublesome 
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in erection, it will need but little consideration to perceiye the otilitj of 
this device in numerous cases of bridge-piers and other stroctures. To 
extend the above system to larger piers requires only the applicatian 
of simple well-established principles, which every competent engineer 
would easily make, and need not be here dwelt upon. 

It is likely to find its first application in a sea<wall which will prob- 
ably be built at Fort Taylor next winter. It is proposed to use in this 
case a portable coffer of fifty by ten feet, in five compartments of fnini- 
ing, the intermediate submerged cross braces being made removable. 
The building of the first section of wall will not differ much fixym the 
building of a pier, except that the masonry bond at each end most be 
arranged to provide for the adjoining sections. In walls hot little ex* 
posed to the sea, the sections can be brought above low-water inde- 
pendently by building plane heads and leaving a clear joint Of oomse 
this would not do where the foundation is bad and the load irregalar. 

To build the second section, the confer would be reestablished as 
before, except that the end should be arranged to embrace the wall 
already carried up, and the sheeting should be shaped to dose in neady 
on its front and rear faces. The case and fiap will have to be so 
altered at this end as to fit the section of the wall and extend alon^ its 
front and rear fisices for some distance. In the proposed wail, the use 
of dove-tailed header and streacher courses of granite is contemphiied 
for the face and a massive concrete filling for the back. The box 
planking for the concrete can rest against the main uprights, and can 
be recovered on striking, thus leaving all the spare space in the coiSer 
for face work. 

The simplicity of this coffer and the facility with which it can be 
shifted from section to section of a searwall, lead me to believe that it 
will be found a great source of economy in constructing the walk of 
wharves, basins, docks, etc., when the shelter from waves and die 
character of bottom, make it available. In many cases, the flap oodM 
be nearly omitted, and in some rough bottoms the simple coffer case 
could be used, and a slight foot-slope of puddle or earth which works 
tight could be thrown in so as to serve the purpose. 

This device not having yet been tried, I should scarcely bring it 
before the public except that I am willing, by publication at onoe, to 
prevent patents, and to give to engineers the benefits it offers, which 
can be seen beforehand with almost absolute certainty. 
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n. USEFUL INVENTION. 

New Methods op preventino Fire-damp Explosions in 
Collieries, bt LianriNa with Coal Gas. By Capt E. B. 
Hunt, Corps of Engineers, TI. S. A. 

Few cbaptes in the history of huBian industry are so appallingly 
tragic as that relating to explosions of fire-damp or carburetted hydro- 
gen in collieries. Human experience, and even human imagination 
can scarcely add to the oY^rwhelming terrors attendant on those fierce 
flashes of devouring flame, &r down in &e earth's deeps, where the 
feverish pulses of its ever-glowing central heat are felt. Instantly the 
rushing blast carries destruction not only to the costly machinery for 
moving and hoisting oobI, but to the scattered groups of miners who, 
overwhelmed amid their labors, are crushed^ stifled, or left to grope in 
almost hopeless darkness. This danger is not among things gone by, 
for we are still from time to time shocked by some fresh story of ex- 
plosion, franght with death to scores or even hundreds of poor victims. 
Despite these sadly frequent admonitiona, the world has almost settled 
itself into the pleasing belief that Davy, by the invention of his safety- 
lamp, had made these explosions only possible through recklessness or 
stupidity. Such, however, is clearly not the fisust In chapters X. and 
XL of Smiles's Life of George Stej^ienson, we find a striking narra^- 
tive of the invention by Stephenson of his Geordy lamp, of the con- 
test for priority between his and Davy's friends, and in conclusion some 
facts are cited which show how serious the danger still is* ''In the 
eighteen years previous to the introduction of the lamp (Davy's safety), 
447 persons lost their lives in the counties of Durham and North* 
umberland, whilst in the eighteen years following^ the &tal accidents 
amounted to fiSS." The increased number of fatal accidents after 
Davy's lamp came into general use is ascribed in great measure to 
resuming work in many mines before abandoned as dangerous. Smiles 
says, ''it must be admitted that the Davy and the Geordy lamps alike 
failed to stand the severe tests to which they were submitted by Dr. 
Pereira when examined before the Committee on Accidents in Mines," 
1835. Dr. Pertira pronounces the Davy lamp "decidedly unsafe," 
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when exposed to a current of explosive gas, and says that experiments 
have << demonstrated" the fallacy of the lecture room proofi of its 
safety. The above cited committee reported thus : ^ Accidents bare 
occurred when his (Sir H. Davy's) lamp was in general and carefid 
use ; no one survived to tell the tale of how these occurrences took 
place ; conjecture supplied the want of positive knowledge most nnsatis- 
factorily ; but incidents are recorded which prove what must follow 
unreasonable testing of the lamp ; and your committee are constrained 
to believe that ignorance and a false reliance on its merits, in cases 
attended with unwarrantable risks, have led to disastrous consequences." 
Sir H. T. De LaBeche, in his London Exhibition Lecture of 1851, 
says : " The more effective saving of life from colliery explosions must 
be looked for in the instruction generally of the coal miners themselves. 
The amount of mischief arising from the foolhardiness of ignorance in 
our collieries, can only be credited by those who are compelled to 
employ men with a want of education they deplore, or who bave in 
discharge of duties visited coal mines after fearful and desolatiog 
explosions." 

I am aware of nothing since to change the foregoing state of &cts, 
and certainly the stories of explosions still appear in the newspapers 
with formidable frequency. I regret being cut off from reference to 
more recent parliamentary investigations and statistics on this subject 
It will scarcely be denied that additional security against fire-damp 
explosions remains a true desideratum. This must be my excuse for 
now bringing forward a plan which occurred to me while reading 
Stephenson's Life in the winter of 1858-9, and which seems to me 
not only to promise security to coal mines and miners, but to offer 
other valuable advantages over present methods. A distrust of mj 
own acquaintance with the requirements of the case, has led me to 
keep silence hitherto, but really believing that the plan I shall propose 
has the essentials for practical success, I find that the reproach of 
possible sacrifice of life through reserve forbids me longer to suppress 
or hold back, for any reason, what mat/ he the means of safety to thon- 
sands of fellow-beings. I shall not attempt to push explanation of 
this plan into minute detail, this being best left to those fiilly cognizant 
of the requirements and practice of coal mining. 

To explain this plan, take the case of a mine worked finom a single 
shaft Erect on the ground near its mouth an establishment for mann- 
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BEUsturing cod gas, purified for illumination, and add a gasometer. In 
this same vicinitj a steam engine must be arranged for driving an air- 
oondensing engine, the power being regulated by the labor to be im- 
posed, as will be explained. Steam engines already existing for hoisting 
materials up the shaft can be used for this purpose, and in general one 
engine should do all the work of the mine. It is supposed, then, that 
all the coal gas and all the compressed air wanted is supplied at the 
mouth of the mine. Now the principle which I suppose to be new in 
this connection is simply this : The mine is to be lighted by coal gas 
supplied from the mouth, and the air for burning this gas is to be sup- 
plied &om the outside atmosphere. None of the air of the mine must 
be admitted to the fiame, and the products of combustion must only be 
set free at a safe distance from the fiame, afler passing through one or 
more wire-gauze screens. Thus perfect non-intercourse will be estab- 
lished between the fiame and the air of the mine, and no fire-damp can 
reach the lights. 

There are two distinct modes of carrying this plan into execution, 
the first of which I shall call the portable system, and the second the 
fixed system. 

In the portable system, the gas and air are delivered through tubes 
down the shaft, at its bottom, where two moderate-sized reservoirs 
should be made by sealing excavations for the purpose, one to be kept 
filled with gas of high tension, and the other with strongly compressed 
air. It is now supposed that the lamp posts or burner stations are 
established throughout the whole route, to be kept permanently lighted. 
As this route is usually furnished with a railway transport from point 
to point along, it will be cheaply effected. Here two plans are avail- 
able. In the first, which I suppose to be the best, a gas and air car 
would be used which has two reservoirs, made as large as the case 
admits, and in proper proportions. These reservoirs would be made of 
boiler plate with numerous cross-tie bolts, and would thus bear a great 
strain of the compressed coal gas and air, with a weight not objection- 
able. These reservoirs being filled, the car will proceed on its round 
of supply. Each lamp has its own reservoirs for gas and for air, which 
are quickly filled from the car, through fiexible tubes, with stopcocks 
adapted to this object, and so on, in turn, will each burner be supplied. 

The second plan of portable supply is but an application of the 
method to some extent in use in this country for supplying gas to 
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isolated residences, where gas pipes are not laid. Portable mebil 
reservoirs are charged with gas and with air under high pressure, and 
distribated systematically to the bamers, to which thej are conpled 
before cutting off the exhausted set of air and gas reservoirs. Thus 
a perpetual light would be maintained^ which would, however, require 
regulation to correspond to the tension of the gas and air. This coold, 
probably, be readily effected by automatic regulators, governed bj tlie 
pressures and in turn governing throttle or other valves. Water pres- 
sure regulation could also be well used sometimes. It might be feond 
unnecessary to adopt any system of regulation, because of the cheap- 
ness of nuuntaining sufficient supplies in the reservoirs, oad tbe 
experience acquired in using gas for lighting railroad trains ttoqU 
favor this expectation. 

The burner and optical arrangements follow next in order. A simple 
tripod burner stand or column would receive the tubes supplying gas 
and air, and be otherwise wholly closed at bottom. Now it is dear 
that the principles applied by Fresnel in light-house illumination should 
here be followed. Regarding light as a value to be utilized, it is obri- 
ous that it should be reduced to horizontalism, and tiiat the main 
portion of it should be thrown along the length of the gallery, mnch 83 
in range lights. The combmation of lenses and reflectors to serre 
these ends in the best manner, is a problem of practical optics readilj 
resolved. A solid pressed-glass cage of lenses, with perhaps a single 
reflector, would thus be arranged to encase the burner without a single 
open joint The lens mould once formed, the lenses would not be 
expensive, as they would not need to be large, the gas light itself being 
made small. This light would probably be best composed of a dide 
of jets supplied with air within and without. The economizing of air 
in this combustion presents a new study, but one which camiot fail, 
under experimental guidance, soon to reach a satisfactory result The 
lens being closed at top, except a small orifice, the gaseous products of 
combustion would be led through a tube to some distance, and through 
several wire-gauze guards, a sponge, or other porous outiet The 
elastic force of the supply will enable us to pass this stream through 
numerous fine gauzes, a bundle of wires, or other guards. We might 
even use valves. 

A modification of this light would be required for use by the work- 
men. Reservoirs of India rubber small enough to throw over the 
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shoulders, with flexible induction and eduction tubes could be arranged 
to bum for a considerable time. The lens would be the smallest size 
of pressed glass lens, simply to horizontalize the rajs or to give a 
beam on one or two sides. For working at the head of a drift, barrel- 
shaped reservoirs of the largest size, easilj portable bj hand, would be 
carried forward, and the gas and air drawn from them through flexible 
tubes to supply hand lenses, as in the preceding case. To light these 
several burners resort may be had to the electric spark, or to devices 
for enclosing friction matches, or to some percussion fixture. Inge- 
nuity will readily solve this problem. For the fixed burners, the need 
of lighting will very rarely arise, as cleaning the inner lens surfaces 
and the burners will seldom be necessary on account of their seclusion 
from the air of the mine. I believe the fixed burners, the portable 
burners with temporarily fixed reservoirs, and the portable burners 
with bag reservoirs will meet all the needs of miners. In galleries not 
frequented as thoroughfares, and where lights carried on the coal trains 
will suffice, the fixed lights might be dispensed with. To save the 
head lights from extinction by stepping on the tubes, a core of spirally 
wound wire inside the impervious walls of the tube might be readily 
and cheaply made. 

I now pass to the fixed system of gas lighting for mines. Returning 
to the bottom of the shaft, this system supposes gas and air mains to 
be led through the galleries to be lighted, and burners fixed where 
wanted, drawing their gas and air suppUes directly from the mains, or 
from branch pipes in the usual manner. London, with its two thousand 
miles of gas mains and its radiation of gas from the Yauxhall works to 
Hampstead and Highgate, seven miles distant, must present actual 
solutions for nearly every case which can arise in arranging the pipes 
for mines. As only the galleries in use would need to be lighted, the 
length of pipe would be about double this gallery length, and the relative 
size of gas and air pipes would be fixed by their respective deliveries 
and tensions. Eeservoir chambers for air and gas from point to point, 
so sealed as to exclude jets of carburetted hydrogen, etc., would be 
useful adjuncts in extensive mines. As fire could not be used in putting 
down the pipes, the joints might be made by giving a slightly conical 
form, and wrapping the enclosed end with strands of oakum dipped in 
mineral or coal tar, and then driving together. This would have another 
advantage, in the facility with which it would permit the shiftLng of 
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pipes from abandoned galleries to newlj opened ones. Tlie arrange- 
ment of burners, lenses, induction and eduction pipes offers no difieraica 
in principle from the portable system, except in the fact that the icgo- 
lation is derived from the gasometer, and single stopcocks for each tobe 
\nll suffice. In this system each light becomes perpetual, with no other 
need of supervision than an occasional cleaning. With these fixed 
lights will be combined the portables for the drift heads, drawing from 
the iron pipes through long flexible tubes or tubes with flexible joiiits, 
and the portable bag burners for emergencies. 

There is an adjunct use which, on either system, can be made of the 
compressed air, though best on the flxed system. A locomotive diiTen 
by compressed air, from the reservoir at the bottom of the shaft, mj 
be made to drive the coal trdns, and thus remove horses from these mines, 
which, besides giving greater power at command, will help to purify 
the air. By establishing reservoir air chambers along the galleri^ 
supplied with air through the air mains, the power of the air engine 
could be renewed, by fresh inspirations, at points where it might be 
needfuL Often by closing sections of abandoned galleries, these reser- 
voirs would be made of great capacity and at small cost To this m 
of air could be added that of a mechanical ventilation of assured effi- 
ciency, by discharging air from the mains at the points of worL I 
suppose that this will be found the proper application of all that power 
otherwise wasted, but that this will not supersede existing arrangements 
for automatic ventilation. I venture the suggestion that comprised 
air being thus conveyed to the working points, would soon find its 
application as a power with which to do much of the heavy work of 
digging, and all of the loading, thus effecting a great saving of labor 
and increase of production. 

This quiet transfer into the bowels of the earth of an effective power, 
obedient to the slightest touch, will open a new fleld (ot inventkn. 
The application already made of this agency in tunnelling the Alps, as 
described to the French Academy by Col. Manabrea of the Sardinian 
Engineers, is a clear demonstration in practice of the nse of compressed 
air as a medium for conveying mechanical power, which I had the 
privilege of discussing before this body at its first Albany meeting iQ 
1851. When we bear in mind that both coal gaa and mechanieal 
power will be produced with the maximum possible cheapness at the 
mouths of bituminous coal shafts, we see a beautiftil natural proTiaioa 
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for their appHcation as now indicated. Not only will life find increased 
security in the antidpated exemption from explosions, but by better 
ventilation and the diminished number of miners day's labor to a given 
quantity of coal mined. The substitution of a brilliant gas light for 
the dim, caged, smoky oil lamps now used, will not only facilitate 
mining labors, but will give some color of good cheer to these dingy 
realms. Not least of all will be the fact that this systematic arrange- 
ment for gas lighting will be given into a few intelligent hands, while 
the more ignorant ones, whose mental darkness De La Beche so justly 
deplores, will never be permitted to touch a light, and will thus be cut 
off irom the too dangerous power of risking the lives of all tlieir com- 
rades. In cases of choke damp or carbonic acid floods, the use of the 
air mains for expelling by steam power the unwelcome intruder is 
obvious, and may be important. 

It is evident that as a preliminary, a careful course of experiments 
should be made to determine with accuracy the conditions for effective 
combustion under the drcumstances named. Should it be found practi- 
cable, with safety and without too great loss of light, to burn the gas 
and air when previously mixed, in the proper proportions, a single pipe 
might be made to replace the two parallel pipes, through which the 
mixed air and gas should be supplied. The danger of explosive actions 
in this mixture, and the loss of incandescence of the flame by mixture, 
are likely to be fatal to this simplification. Prof. Rood has suggested 
the use of gauze screens in the tubes to arrest explosions. It would 
be inconsistent with the fundamental idea of this system to admit any 
risks of explosions in the lighting apparatus ; hence it seems requisite 
to adhere to the double pipe system as explained. To complete either 
system will require a direct application of mechanical and optical prin- 
ciples, for which a perfectly attainable combination of knowledge, inge- 
nuity, and judgment would be fully equal, with but little groping or 
experience of first failures. 

The use of compressed air for mechanical purposes in mines would 
constitute a separate question of the first magnitude. I cannot doubt 
but this truly philosophical system of transporting power from the best 
point for power manu£ftcture to the desired point of application, will 
here find a most happy exemplification. The mode of action which is 
alike equal to driving the great tunnelling machine of the Sardinian 
Alps or a hundred sewing machines in a New York shirt fistctory, will 
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be found not less strong or subtle when applied to the cyclopean labon 
of coal mining, whether in wielding the pick and hammer, in hoisdng 
the black nuggets on the cars, or in the more accustomed labors of 
locomotion. There must, moreover, be numerous cases in nuning 
anthracite and other minerals bejond the direct access of steam eugines, 
where the power manufactured in the open air and converted into the 
form of compressed air can with great advantage be led down into tbe 
depths to do the work now exacted at great cost from haman masdes. 
This method of operation would in many cases be found to afford a 
far more efficient ventilation than has ever jet been reached in galleries 
closed at one eztremitj. The free use of transferred power for woik- 
ing and for transport, would doubtless make many mines profitable 
sources of mineral supply, which now yield but meagre returns, oraie 
hopelessly relinquished. Time and experience can alone test in M 
the efficiency of the projects now stated, but ^eir rational nature and 
legitimate promise can be at once appreciated by minds possessed of 
the requisite furniture of knowledge, judgment, and vision. 
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BISTORT OF THE MSETINQ. 

Thb Fourteenth Meeting of the American Association for the Ad- 
vancement of Science was held at Newport, Rhode Island, commencing 
on Wednesdajy August 1, and continuing to Wednesdaj noooy Au- 
gust 8. 

The number of names registered in the book of members in attend- 
ance on this meeting is one hundred and thirty-five. Thirty new meo^ 
bers were chosen, of whom all but eight have already accepted their 
appointment, paying their assessment and most of them signing the 
constitution. Seven others have joined the Association by Tirtue of 
Rule 2 or 3. A few others have paid, without a formal election, or 
signing the constitution. Eigh^-four papers were presented ; meet of 
which were read, but only a part have been printed. Some were 
thought unworthy of publication, and, in other cases, copies have nd 
been furnished by their authors. 

The sessions of the Association were held in the capitol of the 
State. The Vice-President of the last year, Prof. Edward Hitchcock, 
introduced the President of the Newport Meeting, Isaac Lea, LL. D«, 
who took the chair. 

The session was then opened by a prayer from Rev. A. H. Domont, 
D. D. The Mayor of Newport, Hon. William H. Cranston, welcoitted 
the members of the Association, in the following Address :— 
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Mb. Pbbsidbkt and GsirrLBBmc of thb Associatioh fob 
THB Adtancbmbnt OF SciENGB:— In behalf of the Buthorities and 
the people of Newport, I oordiallj welcome yoa to oar pleasant Island 
Citj by the sea. Ton visit us at an interesting season of the jear, 
when yon will have an opportonitj to see what has been done by 
nature and art to make this city a desirable place of residenoe ; yoa 
will also undoubtedly become acquainted with many distinguished per* 
sons from various parts of the world, and I am confident that you will 
long remember the occasion with pleasure as one of the marited ens m 
your existence. 

You are assembled upon soil which is conseerated by hallowed 
memories. It was in Rhode Island, more than two hundred yean ago^ 
that Roger Wiliiams, John Clark, and their assodates fint thorooglily, 
practically, and successfully illustrated to the worid the great and glo- 
rious doctrine of religious toleration -^ entire freedom for man to wor- 
ship Grod, in an unmolested manner, according to the dictates of his 
own conscience. For ages before, distinguished theologians and re- 
formers had vainly endeavored to secure to the human family that which 
was finally aeoomplished, by the great and good men whom I have 
named, in this small section of the western world; from that time nntil 
tins day the people of BAiode Idand have carefully cherished and 
guarded this sacred right of nun. 

In the featfbl and trying days of the Revolution, the people of Rbode 
Island, having been loyal as long as loyalty was a virtue, and obedient 
to the govenunent of the mother country until its oppressive demands 
oould no longer be endured, — arose in their power and triumj^iantly 
vindicated their rights which had so long been trampled upon with im- 
punity. They gave to the common cause of freedom a brave, calm, de- 
termined, and patriotic defender of the inalienable rights of man, — their 
noble Oreen, who was second only to the father of his country. In the 
last war with Great Britain, this city furnished her galkmt and heroic 
Perry, who, with his associates, very many of whom were from this city, 
so nobly and successfully fought the sanguinary battle of Lake Erie. 

A short distance from where you are now assembled, at Whitehall, 
Bishop Berkley lived several years, and on the rocks by yonder beach 
he wrote his ^Minute Philosopher.'' In the venerable Redwood li- 
brary, which is stored with ancient and valuable works of science, ait, 
and literatore, Dr. Channing ^ studied theology without an instraotor." 
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It was in this citj that Staart, Malbone, and Allston li^ed and labored 
In the art to which their genius and their lives were devoted. Pre- 
▼ioas to the Revolutionary war, the Jews were among the most wealthy, 
enterprising, and valuable citisens of Newport. The Synagogue, 
which still stands in Touro street, in excellent condition, was the first 
which was erected in the United States, and worship was regularly held 
there until long after the Revolution, when the Jews all removed to 
other cities where their mereantile pursuits could be more advan* 
tageoosly prosecuted. Abraham Touro gave $10,000 for the repairs of 
the Synagogue ; from the surplus interest of this fund the granite and 
iron fence around the lot was constructed ; he also gave $5,000 for the 
repairs of the street which bears his name. Judah TourO erected the 
substantial fence around the Cemetery^ at a cost of about $12,000 ; he 
also gave $10,000 for the purchase of the Park, which bears his name, 
and in which is located the ^ Old Stone MiiV a mysterious Telk of a 
by-gone age ; he bequeathed $8,000 to the Redwood Library Associa- 
tion, and $10,000 as a Ministerial and Cemetery Fund, for the purpose 
of paying the salary of a reader or mmister to officiate in the Syna- 
gogue in this city, and to endow the minbtry of the same as Well as to 
keep in repair and embellish the Jewislk Cemetery. Id ad£tk>n to these 
he made, during bis lifo, at different periods, valuable donations to the 
city. He was the last of a noble race of men who were libtod to aU^ 
and especially to the dty of Newport, where they ciioe lived, and 
which they always loved. In yonder oeoHetery, conseerated by Jewish 
rites, sacredly guarded by Ciiristian care, repose the mortal remains of 
the families of Tosro, Lopez, Pohxsk, Riveara, Hart^ Fraud, Seixas, 
Hays, Isaacs, Judah, and others. While their memories are lovingly 
cherished by our people, their earthly forms will unmolest^ly remain 
in that beautiful cemetery until the Messiahshtp is completely fulfilled. 

The formation of our soil and its rock-bound coast afferd an interest- 
ing study for geologists ; and the beautiful location of our city, its pleas- 
ing and varied scenery, healthy climate and genial air, especially at 
this season of the year, make it a delightful resort, not only for pleasure- 
seekers and invalids, but for men of science, literature, and art, for re- 
creation after their severe mental employment dvring a considerable 
portion of the year. 

The building in which you are now assembled was erected one hun- 
dred and twenty years ago, and from, that time to the.preaent the gov* 
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enunent of the State has been annuallj inaugurated in this room; hevs, 
alsoi have the tribunals of justice held their terms in administering the 
law. These walls have frequentlj echoed with the eloquence of Wdh 
ster and Choate and manj other distinguished advocates, and tbs 
wisdom of Story and other learned jurists, very many of whom have 
passed to the final rest of man on earth. In the a4ioining Senate 
Chamber is the original portrait of our beloved Washington, which wai 
painted by Stuart. There are many other interesting associations coo* 
nected with the history of Newport which I might enumentte if time 
permitted ; but you will undoubtedly be made acquainted with maoy 
of them during your sojourn here. 

The object of your Association is the advancement of sciencei-^tfae 
utmost development of the intellectual faculties with which our race is 
endowed, so that man can not only understand the alphabet of the 
Creator of the Universe, but also, in a great measurey comprehend tlie 
language of His Omnipotence as written in the soil and the rocks, on 
the ocean, in the skies, and on and in every material element of His 
vast creation. By the progress of science, by the gradual developmeat 
of the mind in consequence of continuous and earnest study, devoted 
astronomers have explained to the human family that they need not be 
alarmed at an eclipse of any of the heavenly bodies, or the appearance 
of comets or other unusual objects in the skies. From the geologist and 
the chemist agriculturists have received and are constantly receiving 
valuable information which enables them to cultivate the soil more easOy 
and successfully ; and those who navigate the oceans are yearly ac- 
quiring inestimable knowledge by the efibrts of scientific men. All 
departments of human industry, all classes of society, in all parts of 
the world, are being rapidly benefited by the efforts of the members of 
such associations as the one which I now have the honor of addressing. 
Science is a noble study ; by it we do not read the productions of the 
intellect of a human being, as a learned and fascinating book in litenr 
tare, and behold not a beautiful picture or a noble statue, as in art ; 
but we read the eloquent language and behold the gorgeous paintings 
and august statues which emanated from the Creator when He had 
finished His work, and ^ saw every thing that He had made, and that it 
was very good," and rested from His labor on the seventh day. His 
sublime language is indelibly engraved on all portions of the founda- 
tion, and everlastingly illuminated over the broad canopy of His ont- 
verse. 
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Religion and science are linked in a bolj and inseparable union ; 
for who can behold the wonderful works of the Creator, and studj their 
nature and character, and yet denj His omnipotence ? Every thing in 
nature speaks of His divinity ; and the true man, the man of soul, in- 
tellect and faith, contemplates the mysterious works of God with 
reverential and child-like devotion, and he seeks, not only for his own 
instruction and gratification, but for that of his fellow men also, to know 
God in His works as far as our finite capacity will permit Thus, 
through and by nature he looks up to natui*e's God, and in a measure 
approaches the primeval condition of our first parents. Pope said : — 

"Lo, the poor Indian I whose antutored mmd 
Sees God in clouds, or hears hira in the wind ; 
His sool proud science never taught to stray 
Far as the solar walk, or milky way ; 
Tet simple nature to hie hope has given, 
Behind the clond*topp'd hill, an humbler heaven ; 
Some safer world, in depth of woods embraced, 
Some happier island in the watery waste. 
Where slaves once more their native land behold, 
No fiends torment, no Christians thirst for gold : 
To be, contents his natural desire. 
He asks no angel's wing, no seraph's fire ; 
But thinks, admitted to that equal sky, 
His faithful dog shall bear him company." 

There is a fascination in the faith and philosophy of the aborigines, 
and a simple yet touching eloquence in their character ; but it is our 
blessing to live in an age when men are not satisfied to grope on 
in darkness, and live only as their ancestors lived ; there is a genius 
in man's nature which is progressive, a divinely created element 
which, by proper action and careful cultivation, incites his aspiration 
for a closer communion with, and a more perfect knowledge of, the 
infinite Being from whom he came, and to whom he must return. 

"The soul of roan 
Createth it* own destiny of power; 
And, as the trial is intenser here. 
His being hath a nobler strength in heaven." 

I have the pleasure, Mr. President, of presenting to yon, in behalf of 
the authorities of the city, copies of a Road Map of the IsLind of 

20* 
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Rhode Island, with geological delioeations, for the iiae of the membcrB , 
of the Association. 

I again cordially welcome yoa, Mr. President and geDtlemen of the 
ABsocialion, to our ancient city, and trust that, while your deliberatkmt 
will undoubtedly materially benefit the human race, your social inter- 
course with our citizens and visitors will be so pleasant, you will evier 
remember the occasion with emotions of joy, and return to us again aft 
some future period* 

President Lea responded in these words :— 

Gentlemek of the Auerican Association fob the Advakcb- 
MENT OF Science. — It would be very difficult for me to express to 
you how sensible I am of the honor you have conferred on me in ap- 
pointing me to preside over this, the Fourteenth Annual Meeting. In 
my humble pursuits, and my circumscribed eflfbrts in the cause of 
science, I have labored without any ambition of such distinction, and 
must crave your indulgence, as I am sure of your cooperation and your 
courtesy to each other, in any want of experience in presiding over 
large bodies, where a knowledge of parliamentary rules and usages is 
necessarily requisite. I have, however, the most entire confidence in 
your indulgence and assistance, and in the harmony which has always 
existed among us ; and I promise you that I shall have but one object 
in view, that of the strictest impartiality in presiding here. It must be 
the source of the highest gratification to each of you present, as well 
as to every member absent, that our Association has continued to hold 
its meetings with such unvarying success from year to year, forming a 
concentrated congress, as it does, of a large portion of the best science 
of the country, from the North and the South, and the East and the 
West. Coming together, as we do, to a great Exchange of science, to 
give and to receive, we return to our closets with accumulated scientifie 
wealth, which, unlike all other exchanges, takes nothing from any indi- 
vidual, while each one carries treasures away. And now it becomes 
my painful duty to state that the year since our last meeting has not 
passed without its bringing the record of loss to the science of oar 
country. We have been deprived by death of a colaborer in James P. 
Espy, in his 75th year. He had done much to promote a knowledge 
of American Meteorology, to which branch of science he had given his 
undivided attention for many years. 
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^ The President condaded bj thanking the Mayor and city authori- 
ties for their welcome. 

On Tharsdaj evening, August 2, Professor Joseph Henry delivered 
a lecture on Atmospheric Electricity, in Aquidneck Hall. 

On Saturday evening, August 4, Professor A. D. Bache delivered a 
lecture on the Oulf Stream, in Aquidneck Hall. 

On Wednesday, August 8, the address of the retiring President was 
^en at the place of general session, by Professor Stephen Alexander. 

No lengthened abstract of the proceedings, scientific and executive, 
of the Newport Meeting of the Association, is necessary in this place, 
as they are contained in full in the papers and resolutions printed in 
this volume. 

The Association voted to hold their next meeting at Nashville, Ten- 
nessee, on Wednesday, the 17lh of April, 1861. 

The officers elected for the next meeting are, Pres. F. A. P. Bar- 
nard, of Oxford, Mississippi, President ; Professor R. W. Gibbes, of 
Columbia, S. C, Vice-President ; Professor W. P. Trowbridge, of 
Washington, D. C, General Secretary; and Dr. A. L. Elwyn, of 
Philadelphia, Treasurer. The Permanent Secretary, Professor Jo- 
seph LovERiNO, of Cambridge, was elected for a fourth term, com- 
mencing with the Nashville Meeting. 

During the session of the Association, the members and their ladies^ 
besides rtfceiving many private hospitalities, were elegantly entertained 
on Friday evening, August 3, by Daniel Parish, Esq. ; and on Mon- 
day afternoon, August 6, by Mrs. Dr. Plowe, at Lawton's Valley. On 
Saturday aflemoon, an excursion was made, by invitation of Capt. G. 
W. Cuilum, of the U. S. Engineers, to Fort Adams. Preparatory 
to this excursion, an interesting paper, *' on Modem Warfare : its Sci- 
ence and Art," had been read in the morning, by Capt. £. B. Hunt, 
who was also present at the fort to impart valuable information in 
regard to its construction and objects. 
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Sesolved, That the retiring President be requested to communicate to 
the proper Sub-Committee of the Standing Committee, within three 
months afler the adjournment of the Association, whether he will be pre- 
pared to deliver a retiring address at the next annual meeting: and if 
not, that the Vice-President shall be expected to perform that duty. 

Resolved^ That Dr. B. A. Gould be requested to make a report, at 
the next annual meeting, on the History and Present State of the Ap- 
plication of Telegraphic Methods to Astronomical Observation, and the 
Determination of Longitudes. 

Resohedy That Prof. W. B. Rogers be requested to make a report, at 
the next annual meeting, on the Present State of the Theory of Binoo- 
ular Vision. 

Resolved^ That Prof. Newberry be requested to make a report, at the 
next annual meeting, on the Fossil Botany of the United States. 

Resoivedj That the series of Fossil Plants from the Brown Coal For- 
mation, presented to the Association by Hon. Elisha Dyer, of ProTi- 
dence, R. I., be referred to Dr. Newberry for examination. 

Resolvedy That the Committee on Weights, Measures, and Coinage^ 
are authorized to correspond with such departments of the government 
of the United States, with the Commissioners to the Statistical Congress^ 
and such other pei*sons at home or abroad as they may deem expedi- 
ent, to obtain information to be laid before this Association in furiliex^ 
ance of the objects of their appointment. 

Resolved^ Tliat the memoir of Gen. J. G. Totten ''on the Disap- 
pearance of the Ice of our Northern Lakes ** (a copy of which was not 
received in season to be printed in the last volume), be printed in the 
volume of Proceedings at Newport* 
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Seidvedf That the American Association for the Advancement of 
Science returns thanks to the Legislature of the State of Rhode Island 
for the use of the State House for the meetings of the Association. 

Hetohedy That the thanks of the Association be returned to the 
Sheriff and other State officers for their earnest and successful endeav- 
ors to afford increased accommodations and facilities. 

Eesdvedf That the thanks of the Association be returned to the 
Major and Corporation of the city of Newport, for the coi*dlal welcome 
which they have extended to its members. 

JRe$ohedf That the Association returns thanks to the Directors of 
the Redwood Library, and of the Newport Reading Room, for their 
kind invitation, throwing open their institutions to the use of the 
members. 

Re$ob)tdy That the thanks of the Association be returned to Capt. 
CuUum of the United States Engineers, for his most cordial invitation 
to visit Fort Adams, and to Capt. Hunt of the same Corps for his 
agreeable reception, and for his instructive lecture on the defences and 
modes of attack* 

Sesolvedy That the thanks of the Association be given to the citizens 
and residents of Newport, who have contributed greatly to the enjoy- 
ment of the members. 

Hesolvedf That the Association returns thanks to the Directors of the 
Baihnoad and Steamboat lines which have offered its membera a free 
return passage. 

Besolvtdj That the thanks of the Association be returned to the 
Secretary of the Local Committee, Samuel Powel, Esq., for the effi- 
cient aid which he has rendered the officers of the Association in the 
general conduct of the meeting. 

Besolvedy That the thanks of the Association are due to the President, 
Vice-President, and General Secretary, for their efficient and impartial 
discharge of the duties of their respective offices. 

Resolvetlf That the thanks of the Association be returned to Prof. 
Stephen Alexander, for the eloquent and philosophic address with 
which he has favored us. 
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REPORT OF THE PERBIANENT SECRETART. 

In accordance with the rule of the Constitotion the Permaneiit Sec- 
retary submits the following annual report: — 

The various duties discharged during the pasi year are tlie same as 
for former years ; and as they have been careftiny descsibed in prerioas 
reports, H is not necessary, perhaps, to repeat them now. On aoeoont 
of the difficulty of finding any gentleman to discharge the dades of 
Local Sficreiwry at Newport, it has been necesstiry for the Pemumenl 
Secretary to assume his duties, so far as was consistent with his res- 
dence at a distance, and to issue the circular for the Newport Meeting. 
In company with Dr. Wolcott Gibbs he visited Newport in AprD, and 
with the cooperation of Dr. David King obtained the use of the State 
House for the use of the Association ; which was granted by a special 
act of the Legislature. The Mayor also was visited, and interest and 
sympathy awakened in him towards the objects of the AssodatioD. 

The Association now contains 862 members ; seventy-five new i 
bers were added at Springfield, and 247 were then struck off, on i 
of delinquencies in the payment of assessments : their aggregate indebt- 
edness to the Association being two thousand two hundred and twenlj* 
three dollars. 

The financial condition of the Association is as follows: — 

Between August 3d, 1859 (the first day of the Springfield Meeting), 
and August 1, 1860 (the first day of the Newport Meeting), the 
income has amounted to fourteen hundred and ninety-nine dollars and 
forty-three cents ($1,499.43) ; of which eighty dollars ($80) came from 
the sale of the volumes of Proceedings, and the balance from the annual 
assessments. 

The expenses of the Association during the same time have been 
seventeen hundred and thirty-two dollars ($1,732), which may be 
classified, in general, thus : — 

Expenses connected with the publication of the Springfield 
volume, one thousand dollars and fourteen cents, $1,000.14 

Expenses connected with the Springfield meeting, one hun- 
dred and twenty dollars and fifty cents, 120.50 
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Expenses connected with the Newport meeting, thirtj-flve 
dollars, 85.00 

Salaiy of the Pennanent Secretaiy, five hundred dollars, 500.00 

Postage and other expenses, seventj-six dollars and thirtj- 
six cents, 76.36 

The items maj all he found in the cash account of the nndersigned, 
whidi is herewith snhmitted as a part of his report. The haknce in 
t|ie hands of the Permanent Secretary has diminished, sinoe the last 
account, by one hundred and ninety-eight dollars and eigbty-scYen 
cents ($198.87). The halanoe in the ha^ds of the Treasurer is fire 
hundred dollars ($500). 

J^BPH LOTKRINCS 
JSimwroBX, Aqgast I, IS60, 
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CASH ACCOUNT OP THE 

Dr. Amebigav Association in 

Express to Springfieldi $2.00 

Clerk at Springfield, 25.00 

Gas biU at Hampden Hall SM 

Chaancey Wright for services on programmes, . • 15.00 

Grant Sc Warren for paper, 319.20 

Smithsonian Institution, for freight, 2.50 

Committee on Chili expedition, 12.00 

C. F. Loosey, for freight, S.28 

Eilboum Sc Mallorj, for wood-cuts, 21.25 

J. Bien, for printing plates, 76.25 

Allen & Famham, for printing Springfield Proceedings, . 456.68 

Bradlej, Dayton Sc Co., for binding do., .... 78.94 

Salary of Permanent Secretary, 500.00 

Journey, etc, to Newport, in April, 21.00 

Printing circulars, 12.50 

F. B. Hough's bill for committee, 5.00 

Binding 250 copies of Prof. Caswell's address, • . . 1.50 

Freight on foreign distribution, 2.00 

Buck's express, 83.54 

Allowed Permanent Secretary for attending Springfield meeting, 75.00 

Index to the volume of Springfield Proceedings, . . . 5.00 

Stationery of Secretaries, 10.00 

Postage and discount on assessments, 36.86 

Postage on circulars for Newport meeting, . . . 9.00 

Clerk for directing Newport circulars, 5.00 

$1,732.00 

Bafanoe to next account, 389.98 

$2,121.98 
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PERMANENT SECRETARY. 

Account vnth Joseph Loverino. Cr. 

Balance from last nccount, $588.85 

Check from the Tieasurer, A. L. Elwyn, .... 33.70 

Assessments, etc (frt)m No. 477 to No. 878 of Cash Book)» 1,499.43 



$2,121.98 
VOL. xtv. 21 
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STOCK ACCOUNT OF THB PERMANENT 8BCRSTABY. 
Volumes DistrihUed or Sold. 



TOUTICU 


I. 


n. 


m. 


TV. 


T. 


TI. 


yn. 


Tm. 


ot. 


z. 


ZI. 


zn. 


zm. 


BSUmiD TO 

Boston GitT Ubnrr. 
NftntaoketAUMDtBniiijt 
Albany State Libiary, 
Phil. Aead. Nat. 8cleDco,t 
Phil. Phllo0.Soe.,t 

Brown Uniranity, f 
Tal0Collm,t 
Harrard (^Uor, t 
American AcaoeoiT, t 
Boston Nat. Ekt. Sodoty, t 
Boston Athsonnm, 
Montraal Nat. Hist. Soefety, t 
Saper^tXdaeatlon, Montreal.t 

Ljceum of Nat. Hist. N. T., t 
Haiylsnd Institute,! 
Maiyland HIstorleal Sodetj, f 
Redwood Ubnuy, in Newport, 
Mayor of Newport, 

Tollembeis, 


2 


8 


8 


2 


8 


2 
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1 


8 

1 


4 
1 


6 

1 


8 

7 


6 
88 


• 
14 


Total, 


2 


8 


8 


2 


8 


2 


8 


4 


6 


' 


10 


88 


sn 



List of European InetituHont to which Oopiee of Volume XIIL of the 
Proceedinge of the American Asiociation were distributed by the Per- 
manent Secretary in 1860. 

Stockholm^ — Kongliga Svenska Veteoskaps Akadenuen. 
Copenhagen^ — Eongel. danske Yidensk. Selskab* 
MoscoWf — Soci^t^ Imp^riale des Naturalistes. 
St. Petersburgj — Acad^mie Imp^riale des Sciences. 
<< *^ Kais. Russ. Mineralogische Gresellschaft. 



• Sold. 

t By order of the AMociation. 
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Amiterdamy'~^AcaLd6mie Rojale des Sciences. 

HaarUm^ — Hollandsche Maatschappij der Wettenschappen. 

Berlin^ — K. P. Akademie der Wiseenschaften. 

Bredau^ — E. L. C. Akademie der Naturforschen. 

Franchfarty — Senckenbergische Naturforschende Gresellschaft. 

Freiberg, — Koniglich Sachsische Bergakademie. 

LeipnCf — Koniglich Sachische Gesellscbaft der WissenschafVen. 

GoUingeny-^ Koniglich Gesellschafl der Wissenschaflen. 

Munich^ — K. B. Akademie der Wissenscbaften. 

Prog, — K. Bohm Gesellschaft der Wissensdiailen. 

StMgartj — Yerein fUr Vaterlandische Naturkunde. 

Vienna^ — K. Akademie der Wissenschaften. 

<^ K. K. Geographischen Gesellschaft. 

^ Gkologischen Reichsanstalt. 

Bern^ — Allgemeine Scbweizerische Gesellschaft. 
Basdj — > Naturforschende Gesellschaft. 
Gtnevey ^- Sooi^te de Physique et d'Histoire Naturelle. 
Neuchatdj — Socidt^ des Sciences Naturelles* 
Bruoeelleif — Academic Royale des Sciences, &c. 
Liege, -^ Soci^t^ Rojale des Sciences. 

Lille, — Soci^t^ Nationale des Sciences, de FAgricultare et des Arts. 
Paris, — Institot de France. 

** Soci^td Philomatique. 

Dijon, — Academic des Sciences, &c 
Turin, — Accademia Reale delle Scienzie. 
Madrid, — Real Academia de Ciencias. 
Camhridge, — Cambridge Philosophical Society. 
Dublin, — Royal Irish Academy. 
Edinburgh, — Royal Society. 
London, — Board of Admiralty. 

^ East India Company. 

^ Museum of Practical Gkology. 

« Royal Society. 
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BALANCE OF STOCK. 



YOLUVU 


I. 


n. 


m. 


IV. 


▼, 


TI. 


TU. 


Tin. 


XX. 


z. 


zx. 


zn. 


I 


BcoeiTed fiom othen,* 

Total, 
DttUvendMoapi«e242, 

Balane*. 
DeUyend u on page 242-243, 

Balance Maieh, 1861, 


68 
8 

61 
2 


98 

1 


268 


286 


439 


299 


682 

1 


864 

1 


967 
1 


897 


862 


loio! 

UK 


94 
3 


268 
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285 
2 


439 
8 


299 
2 


633 
8 


866 

4 


968 
6 


897 
7 


852 
10 


10101435 


60 
69 


91 
91 


260 
250 


288 
233 


486 

438 


297 

297 


680 

680 


861 

851 


968 

968 


880 

890 


MS 


I 

973,1114 

• 
9721076 



REPORT OF THE AUDITORS. 

This certifies that we have this day examined the aiboYQ account of 
the Permanent Secretary, comparing the credits with the Treasmet^s 
account and with the receipt-book, and the debits with the several 
vouchers, and find the whole correct, and the sum of three hundred 
and eighty-nine dollars and ninety-eight cents ($389.98) credited in 
the next account 

(Signed) Johk LbCoiitb, 

B. A. Gould. 

Nbwpobt, Aagnst 6, 1860. 



* In exchange for yolames less rare. 
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The Committee of Weights and Measures and Coinage, considering 
that the movements recently made in these subjects are of sufficient 
importance to draw the attention of the Association to them, and desiring 
some extension of their powers, respectfully present the following report 
of progress: — 

The mission of Professor J. H. Alexander not having led so far to 
any arrangement in regard to international coinage, this subject still 
remains an open one, with the disadvantage that the British Com- 
missioners have reported against the decimalization of the Imperial 
coinage. Commissioners have been sent by our government, under an 
appropriation from the last Congress, to the Statistical Congress at 
London, and with them as well as with our government, it is desirable 
this committee should have authority to correspond. 

The recent presentation of one of the bronze standard yards, pre- 
pared by the British commission, to the office of Weights and Measures 
of the United States, has permitted a new comparison of the Troughton 
scale, which constitutes the United States standard of length, with the 
new British Imperial standard yard. This gives the United States 
standard yard 0.000,873 of an inch longer than the British yard. 

Sir John Herschel, writing in the Athenseum, says, ^ If the British 
Imperial standard inch were increased by one thousandth part, it would 
be with all but mathematical precision, one five hundred millionth part 
of the earth's axis of rotation." If the standard temperature for the 
United States yard, which has never been authoritatively here fixed, 
be taken at 59''.8 Fahr. instead of at 32^ the "^ modular standard" 
will be exactly the 500,500,000dth part of the earth's polar axis. 

A very remarkable report on weights and measures has been pre- 
sented to the American Pharmaceutical Association by Alfred B. 
Taylor, Esq., of Philadelphia, to which the Committee would earnestly 
call the attention of the members of the Association. 

After a thorough and interesting discussion of the several methods 
hitherto proposed for adapting our manifold systems of weights and 
measures to the decimal scale, it suggests still other and perhaps better 
methods of adaptation, whether the grain Troy, the pound Avoird., or 

21* 
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the pint wine measure, be taken as a standard. An ingenioufly and 
not unpractical system is also presented, derived from the ^ new ibot," 
so called, this being the one fifth part of the length of Leslie's seconds- 
rod, and differing by only about one fourth of an inch from the present 
standard foot. Starting from this unit, consistent and correlative tables 
for linear and for cubic measure and for weight are derived, in which 
none of the standards are far removed from those now in popular use. 

But throughout the discussion, the guiding idea which serves as one 
premise for all conclusions is this, that " all experience shows, thai 
however much more rational it may be to assign new terms to new 
things or ideas, mankind is ever far more ready to adopt a change of 
substance than of form, and far more prone to transfer old names to 
new but analogous uses, than to accept an unfamdiar nomenclature 
expressly contrived for such new uses." Unquestionably there is force 
in this idea ; although hardly so much as to warrant us in assuming 
the contrary to be impossible. 

The conclusions at which the report arrives are ; that the decimal 
scale ought to be rejected in any new system of weights and measures, 
on account of the impossibility of halving the subdivisions of the num- 
ber ten ; and they proceed to offer for adoption a new system, founded 
upon the octonary notation, for which they propose new digits and new 
names, in spite of the fact that the procedure is not entirely in accord- 
ance with the principle just laid down. 

Strong as this reasoning is, it seems to us hardly forcible enough to 
outweigh the great facts that the numeration of the civilized world is 
and must unquestionably ever remain a denary notation ; that half the 
currency of the world is a decimal currency ; that the tendency of 
those nations which do not now enjoy the advantage of a coinage and 
currency, in harmony with their numeration, is setting strongly towards 
its adoption ; that even in England, the most conservative of civilized 
nations, efforts to no insignificant extent have for several years been 
making to decimalize the national currency ; that however erroneous 
its units may theoretically be, still the elegance, simplicity, and harmo- 
nious relations of the French decimal system of weights and measures 
have already insured its almost universal adoption for scientific purposes 
in aU countries, until even the established units of weight, force, heat, in 
almost every department of science and art are dependent upon the 
gramme, the meter, and the degree centigrade. 
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Tbe number (6)^ has been selected by the author of the report for 
the basis of his proposed systems, as being at once a number of con- 
yenient size, and a power of two ; the principle of successive halvings 
being regarded by him as the fundamental one of all human subdi- 
vision. It is conceded by him that one octonary systetn of weights and 
measures should imply one octonary currency, yet he regards the 
change to such a system in the former case, even without a modification 
of the currency, as likely to be attended by decided and important 
benefits. 

But whatsoever may be our views regarding the recommendations 
of the Committee, the report is one of great value, and instructiveuess, 
and for the thorough discussion and richness of the material presented 
may be placed in the same rank with the classic report of the late 
John Quincy Adams. 

By order of the Committee, 

A. D. Bache, Chairman* 



The Committee appointed at the Baltimore meeting of this body to 
determine an abbreviation of the name of the Association would respect- 
fully submit the following report : — 

It is agreed that the words '* American,'* ^ Association,'' and " Sci- 
ence," should be represented in an abbreviation, as defining the locality, 
organic character, and object of this body. To include the word 
"Advancement," would give inconvenient length, and is thought 
unnecessary. 

In abbreviating " American," as " A." is in extensive use for ** Acad- 
emy," the "m" must be added, making the common form *^ AmJ* 
Astronomy has a prior right to " As.,*' and it is proposed to guard 
against ambiguity by adding the terminal letter on a raised line or in 
the form of an index, thus, " A^J* The word " Science " is usually 
and well abbreviated to its first syllable ^ Set/* The total abbreviation 
of the name of this body therefore becomes ** Am. Asn. Sci." 

To indicate its published volumes, these are denominated "Pro- 
ceedings," which is abbreviated to " iV." The particular volume will 
be indicated by the year of meeting following the general abbreviation, 
thus: Pb. Am. Asir. Sci. 1860. 

Should it be desired to add the name of the place of meeting, as 
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will be necessary in the cases of the volumes for the semi-annalar 
meetings, this can be done by the use of the first syllable of the name 
in parenthesis, thus : "^ Pr. Ah. Asn. Sgi. 1860 (New.), p. 88." 

The Committee would recommend the introduction of the proper 
abbreviation on the title page of each volume, in the belief that a 
general adoption of this plan in the publications of scientific sodeties 
and journals or magazines of science would be found exceedingly con- 
venient, and would soon fix the usage in citation. It should however 
be remarked, that these abbreviations have need to be systematically 
framed, to avoid ambiguity and inconvenience. 

(Signed) £. B. Hunt, 

William B. Rogebs, 
S. L. LooMis. 



The Committee on Dr. I. I. Hayes' proposed Expedition to the 
North Pole, report that they have cooperated with Dr. Hayes in pro- 
curing means and instruments for the proposed expedition; that the 
outfit obtained tor Dr. Hayes being deemed by him adequate, and the 
instruments provided being sufficient for the purposes of the explonitioo, 
the party sailed from Boston in the schooner United States on the 7th 
of July of the present year. 

The Committee asks to be continued. 

(Signed) A« D. Bachb, Chairman. 

Newpobt, R. L, August 7, 1860. 



CORRESPONDENCE. 



Matob's Offio, Newport, B. I., May 9, 1S60. 
Mr dbab Sib, — Your kind letter of the 7th was reodved this 
afternoon, and two copies of the Idth Annual Report of the Proceed- 
ings of the American Association, etc, I received this morning, ibr 
which please accept my thanks. I will send the copy for the Bed- 
wood Library to that Association. Do you think that your Associ- 
ation would prefer to hold their first meeting in August in a larger hall 
than that of the State House, where the regular meetings are to be 
hdd daring the session ? If so, I should like to be infonned of the 
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hcty as yoa can bave a larger hall which will accommodate about one 
thoQsand personsy whereas the hall in the State Hoase will not seat 
probably more than four hundred or five hundred. If jou can give me 
any information in regard to this matter, it will afibrd me mueh pleasure 
to make the necessary arrangements. 

Yours, very truly, 

William H. Cbamston, Mayor. 
Professor Joseph Loybjuvo, Cansbridgei Mass. 

P. S. I speak of the^r«^ meeting, as I suppose that will be numer- 
ously attended, perhaps more so than the others. 

Matob's Office, Newport, R. L, Jane 14, I860. 
Mt dear Sir, — Your favor was duly received. The Legislature 
of our State, at its session in May, passed a Resolution placing the 
State House in this city at the service of your Association for your 
meeting in August next Our City Council, at its last meeting, passed 
the enclosed Beeolution. 

Yours, very respectfully, 

William H. Cbah stok, Maifor. 
Prof. Joseph Lovsaixa, Secntanf, #«. 

At a meeting of the City Council of the C^ty of Newport, holden 
June 12th, a. d. 1860. 

Reiolvedj That his honor the Mayor, together with Alderman John 
C. Ailman and Common Councilmen Robert J. Taylor, Thomas 
Coggeshall, and John T. Bush be, and they are hereby appointed, a 
committee to cooperate with the local committee of the American 
Association for the Advancement of Science, in making arrangements 
for the Annual meeting of said Association in this city, in August next. 
A true copy — Attest, 

Benjamin B. Howland, OUy Olerk. 

1 State of Rhode Island, etc., Secebta&t's Office, 
PaoTiDBNCB, July SO, A. D. 1860. 

Dear Sir, — A letter received from Newport a few days since has 

led me to think that the American Association for the Advancement of 

Science did not understand that the State House in Newport had been 
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placed at their disposal for the next meetings which has induced me to 
communicate to you the following resolution of the General AssembJ^, 
passed in June last : 

Sesohedf That His Ezcellencj the Governor be, and he is herebj 
authorized and requested to tender to the American Associatioo for 
the Advancement of Science, the nse of the State House, in Newport, 
as a place for the meeting of the convention of said Association to be 
holden in Newport in the month of August next 

I perceive that it has been publicly announced that the Associatioa 
will meet at the State House in Newport in August, so that there can 
be no mistake in relation to it. 

I have directed the sheriff of Newport county to have the building 
in readiness for the Association. 

Yours, very respectKilly, 

John R. Bartlbtt, Seeretarf. 

Fiof. JosspH LovBBiNO, Cambridj^, Mass. 

Bbdwood Libbabt and Athbnaum, Nswpobt, B. L, Jane 4, 1S60. 

Deab Sib, — I beg to inform you that our Board of Directors at 
their meeting in May last, passed a resolution requesting me in then- 
behalf to offer to ^ the American Association for the Advancement of 
Science " the use of our library and reading room, and of the other 
rooms, for Committees, during their session to be held in this place in 
August next 

It gives me great pleasure to communicate this offer, and I trust it 
win not be unacceptable to the Association. 

I forward this letter to you as the Permanent Secretary of the 
Association, and, I presume, the appropriate officer to receive such 
communications, and am. 

With great respect, your obedient servant, 

Geoboe G. Kino, President Redwood lAbrar^ df€. 

Pfof. JosBFH LovBBiNo, Sbg. Am. As"., btc, Cambridge, Mass. 

The Governing Committee of the Newport Beading Boom b^ to 

tender the freedom of their rooms to the members of the Sdentifie 

Association, during their stay at Newport 

In behalf of the Committee, 

J. D. OoDXit. 
NawTOBT, Angnst 1, 1860. 
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BAILROAD ABBANGEBIBNTS. 



Kbwpobt, B. L, Joljr as, I860. 
7b the Pretideni w Local SuperintendenU. 

Dbab Sib, — On behalf of The American Association for the Ad- 
vancement of Science, I append a list of several Bailroad Companies, 
who were so liberal last year as to extend to the members of ** The 
American Association for the Advancement of Science" the right of 
free return tickets after the close of the session at Springfield. 

May I beg to know whether year line will this year grant the same 
ftcility to the members returning from the Newport meeting, which 
is to begin on the first of Aagast 

Tour reply, if favorable, will be communicated to the members when 
assembled here. I have the honor to be, 

Yours, very respectfully, 

Local Secretary. 

Keir Havtn, New London, sad Stoningtoa Bailipad. 
Philadelphia, Wilmington, and Baltimore " 

Boston and Worcester " 

Connecticnt Biver " 

Western ** 

Michigan Southern '* 

Hartford and New Havea ** 
New York Cenu«l 

Cincmnati, Hamilton, and Dayton " 

Connecticut and Passumpsic Birer " 

Vermont Valley " 

Vermont and Canada '' 
Cape Cod 

Bichroond and Petenbnrg " 
Pacific 

Pittsfield and North Adams ** 

Troy and Saratoga " 

Amherst and Bekbertowa " 

Saratoga and Whitehall " 

SuUiran " 

Michigan Central " 

Vermont Central ** 

Fitcfabufg and Worcester " 
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CBRXIVICATB 

Oh Bbhalk of thb Akesioan Association fob the Aptahcxmbht of 

SCIBMCB. 

To the SuperintendaUg, Tkkel Agents, and Condacton of the mxnd Skxmdnat tmd 
Railroad Companiea enumerated bdow, 

•^ The Presidents or Superintendents of the several Companies mok- 
g tioned below haying in writing signified to the liocal Secretary, tbat 
)^ members of the American Association for the Adyanoenent of 
S Science, who have attended the Newport meeting, will be passed 
Sback upon their return free of charge, upon conditions that soA 
» members shall have passed over the said roads on their way W 
S the meeting. 

M Now, therefore, this Certifies thai 

^has attended the meeting at Newport, held August 1, 1860, and 
upon the subsequent days, and that he certifies, over his own signature 
hereon, at the bottom, that he has, in coming to the meeting, passed 
over and paid fare upon those lines not stricken out of the list below. 
Newport, R. L, Angast , 18S0. 

(Signed) Joseph Loveriko, Pemament Secretary. 
Sauuel Powell, Local Secretary. 

The Philadelphia, Wilmington, and Baltimore Bailroad. 

" Vermont Valley " 

" Cape Cod . " 

" Old Colony and Fall River " 

" Rensselaer and Saratoga '' 

" Amherst, Belcbertown, and Palmev '' 

" Connecticnt River " 

" Baj State Steamboat Company " 

I hereby certify that I have passed over and paid fare upon all the 
lines above enumerated and not stricken out, in coming to the meeting 
of the American Association for the Advancement of Science, held at 
Newport, August 1st, etc. 

Nbwfobt, R, L, Angost 3, 1S60. 
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